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llect?'le powr Hr.le• eo .,.t fU'M ta th. Unltecl &tat• te 120/240-
volt •inal••pbaM. tllbtch dualOJ*S pd.Mr.'1ly -.,_.. t.ntt:tal ..... of 
electrt lty r• Sn t f..-. hoae wlaere thla type of aervloe .,.. .Se uate. 
"- appltcatloaa of et•ctrlc.1 po.er iac~eaeed t tbe homll 4IDd partteularly 
toot •r fU11 bGUcll p. load curre • nachtad. aucb aaplcude• with 
120/»0-volt Mrvtc• that aecond4h'J wlt ... regulatloo •- • Mjo1' 
f virlng proht ... 
ol ace replaUon problOIU on <N~ tanaa coatlme to ioc~ea•e u 
equi t aeu .. lara T el'ft f..,..t•a e tend become e t ode 
o r • 1•1'S- -.. an fartMtqde of *be put. A ovl'nat tre i• to 
\()Cat• uw •f.•l •be1t•r• &ad fMdlot• fa eaoup fl' tbe natdeM• to 
taprove owr-•U t ..... te.S .,,._.a.ca. reduce uncle•lt:"•ble odOJ:• attd 
note••,. rec.fuc:• ..-tcatton pl'Oblw_. and tacf.lit•t• dae •H•rnt of las 
•l'n eflQlpmn • te tread wtll probablJ contitMM T•tber than dlaiui•h. 
the. eteotrical pl,catlone codaywhtch ll08t fr~ tly e~eat• 
ltAap r•3l&latton prnbl.,.. -. electrt.cally Jkl'Nnd f-.1 ptndtng, •tx-
laa • .- dtetrlbutio •1•~; sr•lu dr7in1 .,.t .. ; Ml ~ houeebol 
applt..nc.. tn additio to • ~·l ..,..., a .. of •l•ctrtctty 00 t 
,..,. and t "'-· the .. rlouoeo of the problea would Uul7 be 
grutar U .-, power •ppU•r• cltd not U•lt ... ,_. ataal•·~ llk)tOI' 
•i••• tbat •1 be pleced oo tlleb· Um• to 7 1/2 or 10 boraepower. 
Sneral eeco •'1 clt1trtbutlon. •18t• tp _.. conatruc.t.ton ehaa .. • 
t...,orarllJ &Mlped t redt.aer.1na wttap rqulatton p~obl- but dlcl not 
•U.aiaate tia.. Ple.-nt of the Mia 1_. diatribottoo oenur Oft • ., ... 
2 
ceotrally located powr pol• l'atbft tbaa oo • buU41q or tM 1t1Mn•t 
pol• tot.IM to.Id, and loc.att.aa taa. ,....r U'aottformer ln clOMr to tbe 
4t•trtbuttoo e•nt•r are wtdel7 aco411>te4 practlcea. A more ~• t tnnove• 
tton tlMat 1• beln& aclQpuct 1>'1 • tncr ... f.q GUllber f rur•l "°"°" 
auppU.er• ta pole•top ournat•trillMlforMr •terloa. lacb of tllffe tbrM 
1dn .. nduou ctrccat.t l•natla to tbe lar .. 'r loeda, .. .-1u.n1 ta• r uc• 
cton i 'YOlt ... 4rop. 
When tbe. proc•• ,....,u, •t~rtn1 the ti• of opnatton of la .. 
ltHld• and fft•U.aa .. u eciut.-nt tor loqer ,.rtoda of tiM offer 
tlMM of •'lptq to kHp vol~ drop to a atrafaula. 1'be nature of the 
P1'~t in __, fU'll roe• .... buliMwr. noc cmly probltJlt• t tuaf.tteot 
ratio• but. al.o deteralnd at.nltUI _.,.,,_..t et .. _. power r-..u•• 
M ta. Kllk coolhl end p-atn dl'flq an e...,le• ot tbla thellMH of 
perattou. •tk l.k t_.. _.t c:ool rat-6 votu.e of aUk wlthl • 
•,ecUtecl tt. parlocl, .ct pain drylq fan. -t _,,17 evfftcl•t alr 
to rov1 • • U,tq rate ·the vf.11 •tun 4ryt111 before P'•la epoll .... 
a fw f ... • Heood Ml'Ylee wltb a ..,_ate •t•r encl trau• 
tor•r bM ltee 1aHd to reduce c:outnactlo coat• to tu ~ aa4 to 
laprove YOlt ... nplatlon. • f_...r, .__.,,.,_.., paye ...WtU.onal operat• 
tna coat• for ROil • tnetallation. 
1be tJ'PlCl•l •tbod of l'ncttn1 tbe ara voltqe r••l•tl probl• 
i• to f.utall l• .. t' conductor• when volt ... nplation be.coM• objection• 
i.e. .a thl• •t on 90M f_.. t.• a t•tt.• con•t1on. 
Pe~ a.w and differ.at pi'oachtt• to 80lvtq tam tecondary wltap 
replati 
3 
llftD OJ l.iltlllMI 
Xa au IM.Jt o• •f 1u npor·c.d aud1•• of •lt*I* l'•Pl•ttoa a4 tile 
~· ot __...,. 4ttttrlbuttoa •1't._, •'*• r .. w.acta1 •• 
probl ... wwe anal,..t ad vaW.ted. Tbll _,....._. oa ·ui'N.n r•th• r ChM 
,_.. Gt" tural probi... u prohalp •ttrtwt.i.le to • llUOh ~ -=•tta1 
taveattlht la .,.t.. of ur'Na .... • .,..net to :1.... A l•rae ,_, 
of tlMt I•• •eonduy di•trtlMltlDn IJat• lt n. propnty of tile ,_.. 
ovaer .......... s.a w\'Jan n•ldutlal ...... t-.. pQWel' aupplJM" l'aa# thia 
.,.,.aatp. It: u l•at.cal taTeton, f;:• botb a ~e _. ___._..., 
•f."'fOiA* dlac .. t etacu ... tuwe. Meo r•1-ted to .aau cU.1trthtl n 
probl ... 
o. of tie Ul'U.••t propoe•l• fo11' • Hi9M ubu n•t4ent.U1 dutrl.-
l>lltt• •)l'et• •• Md.• 1 tockl• a4 ~1' (11). ftey t~opo•ed a aev 
,,.,. wtdl dllflln fund_.t•l.11 fl'Oll ••UbU.ahed Clutp., Md au .. •t4"1 
tile fotl.Mll.q ortterf.a fff.., auch.., •:r•t•• 
t. h_,.t•tloo of th• ....,.1"4 JOW91' • at.a1-lt dt•tac• ac du! 
uttll*4R.lon 'tOlC...,. 
2. trov1•1on of• btp. utlU.aattoa nlt.ap wtatck would• •t• 
euf.table f.o't •J• l*• •t a .. 11 eildltl.oul •o•t widlout 
.... old.q ~ ta Uptf.aa or -nu.ac • • 
3.. bf•oved .,........ Md ncluceel • .,._... to d ...... 
4. Attaiaant of tMff objective• •t .... ._. oott. 
Wttll ..._ ol'lJectl'f'U t.a lllacl, tb•t• nco..llClecl .,.c. eabodtecl tlMt 
f•ll-1q f•tqd•l 
1. ....., ,. uppU.ed 
....., .. lt9· 
4 
2.. hJ•t,,.. tTanalonna 1 muated ebo9e pMe at tba naW.., 
peralt a.a Mleotloa o~ INitabl• utlllMCf.OG voltaaM ,, ...... 
of ..,.lal•(Mal'•llttl ooonecclou ol the MCoQCt_, wt.If. .... 
3. 'ftl4t tl' .. fomer. •tu. aad otbar ..._Ubict ..,1,..at are 
-11•1• into• aulc.bl• ,....._.. wll1¢&t t• cleai1Mted •the 
pr'-"J anvtee alt. i • 
Tba propoead .,.u. pNYS4-d a pr'-'J wltqe of 2400 .olt• vttb 
undta-rp."OGacl 9HY1ee to ta. nel,._. ".._...,, Mnice unit. n. \11lf.t would 
k afft-.ct t11nct11 ont ti.. .-.rtcw •11 of U. hvlldt.... 'lr ... foNtr 
coanee tou witbf.a dll• Wilt WOQ14 Pl'OVlcle volt- leftl• of 120/240/480 
volu. ni. ll..,,.._ wltap lawl. VCM114 M ,.,.uaa.1.e tn poulbl• uU.Uaa• 
U.oa with lahp-al ..,_... -tor•. 
'11ae tiaor• .... • c.,...leoo of dlU .,.._ vlda prueat 
•111t•. ~or edveat .... f the - a,.t_ WN .. foll_.: 
l. ll~ct of low ¥Olt• MC0.,_1• _. •meee, Pftlllttlq 
nd .. .._.tment I.a conductor• .- wolt• CO'l'l'acU.w -..i,..nt 
or nductiou 1a ,_..... lOM AlllCI repJAtlOA. 
z. rro.utoo of a ,..._ u lltaatton . ltap. 
3. 1..-1an•tllt7 t_o •••• or out• c.....S b7 llabt•toa. wind, 
•l•t. 'Wlblcl•. blna. tr .. 1 1 « •lllal Jeeu. 
4. & It._. dqree of opet"aU.nt tleatbtlity. peratu.t..aa l'apt4 tao1a· 
tlon f fmulta w Qetora loo of .. nlce. 
5. ..., tr-.. oner ......,..t. perld.ttlq utiUaatton of trwfnm1r 
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t.ti kv• to 10 kva per hoa1e. Vitbtn tbt• r&\119 of lO*d.tr.s the btgber 
-..e~· 'V01tap 1*'81• prowd i:o be • •& .. U percent Mlow th• eo•t 
of the .,.t ecoaoidca1 120/Mo-wlt •,atem. lb.e 2U/460""901t danae•pbele 
•Y*t• ._. eoaclmled to h t.ha ••t •cOftOltlcat lllafia' •end_, 'WOltap 
IAJvel. 
1'lfo ot._. naeac:bvt1 .,_..,.U ad ttanou (I). queattcmecl eot:Jelu• 
•loM t'MC.lled bJ l..._run Gd Loli:aJ &.:I fll4e: a •f.eUu _.1,.ta of 
btalier dbt,;ibutf.on •J1lt• volt• •lllal dtffe'nmc c.edlid.quelt ~ ... _.. .... 
ti.OM. &. !'mp of 2.4 kva to 14,.G w. .,,... ... PJ•k cH.,,..lfted tot.-nd 
IHtl' bouM ._ .--... an4 coat• nn lt..-t upon. dt1-t• Wblcb tbe 
•dlcll'• bellew4 to be _... ••lut:to tbaa ttao.e .. ._.. b7 U..l'llllD 
.... Lobf. At 2.4 n.. tlle ll0/Me..¥Olt _, die '240/480-volt .,.telll had 
.,,~t•lJ tbe ._. c••· u tlle ...... lun.aMd to tlJ.e .-t •t•p of 
...... ·the M0/4I0 ... '¥0lt .,.c. Mc .. . 1 .... ., .. , ... 'Dte ............. 
tbe aG/481""VOlt •Ytl"'* lacre..., •ltl't each tncr.-. la kfia, •ltb a .at• 
llUI aavt.op of ap'"'U.t.•11 29 ptWCeat •t the 14 .. 0 kva d...md • 
...,_u 8d at.oaotl uMd a UM 650 ct1aua1 c.,ut•r ~ detendne 
tbe .at ec~al MOtHldat'J •1ft• •••ip fol' • pal'tlcal•I' ....a. •P• 
lqtb al whap. their aoal79i• ._. tllat ln • OM« IMI Re dlr ..... 
...._ •111t• en .co..ical eblo the MD/480-·tolt •lnaba•..,... •Jat•. 
leveral otbw •tudl•• of Ul"Na tteeidenttat dl•td.hutf.on •t- (2, 
1; 17) •lH Mv. led to the couct.loo U..t lat.pn HcOl\lluy voltqe• 
vould M • pacttcal •tlhld el 8U"ri-a ..,._'"* v11He •••ldeott•l 1CMltk 
•lth bettal' volup PSUl•ttoa tbM with,... ... , .,.t .... 'ftle .-a en"" 
d.ucttna t._.. •t.udtu eoacludect da•t ltf.pw .-oa4uy "VV1t•a- t10G1A 
neut in e<:Cl~u., 
r .. w. ... 
1 
r •uppli•r• 
•fety la ta-. tha .. lahl7 ata 1• t iM c aa14-ratln 
of IU • th6 *'' ore wbo 
laMr' lt.... t -.1etely .... U. Mlat7 ..,..,. of 
..- • 11, t • t'al11 • tllat 1eftl of Nfety di.red c M 
1-.l 1 per u•t • If lewl• o ••t•ty ... t k lD.C't.....S ..._.. 
of htper wltap lftell, t!aa •dlor• r• alt ....-.c daat .. fetJ 
t be a •Jo~ actor t detumntna the .-.i.uve tte . _,_-,c• of tb• 
tper wt • a,.t._. 
aao"a etudt.. ladto•t• coaom .. wtt iptt Mcood.ry cltetr1• 
............... volt .. , r 
1..-1a. c .. t to r aoppU.era ii .... tiler 
the ... "*' wo14 re.1ma latp e1'0U ••nd• to ..- euell • MW •PtM 
Jaatifiabl (l , 17). 
1 I.ct :r•r• ave ODlllNllllll •t••r tllf.aetl lt .......... 
of t.bfJ co. tha NI in tbul to supply appli.c .. f'or 
Pt'Hh ..ol 1tr¥el, ln *14f.tto t:o tuppl7la1 _, of tM ._. 
appU . ac• t UH •t • ht._ wh- i....1. uf•tunr• •leo feet 
that pl~ .,,...t 1 the ._. t d••laned to operate at 41f fft'ellt 
volt .... voul ena 81• c f al dealen 
c~~•· 
tt ta ta rwt WOl' , TPM~ 1 Thu trtal i taltattOD.,.. c1 .. lpecl aad 
construct.a bJ dae Tem llecutc hnic• 0n .. _,,.. Aecodtraa to Hr. 1. 
K. Catlaber2 of tbat ....,_,, dat• iMC•ll•U.oo c.-tata •f • 240/480-wlt 
•taale·pbea e,et• to lS 0 •ll•electrlo" a.o... hnt.ca t MOia IMNM 
i• 2'tO 'YOlta•to-pouad, . ltll 480 ~lt• ._11-bl• fo poof.bl• vtUt&atloo 
t be futun. lervtce oadoc:tor• .. 600-volt, wbbier•1 lated, 
oeopn••cowr41d, dtnct- rfAl, lfo. 2 AW •1.H copper co dae lu ... t 
bcNae ad • 4 MO o all tlMt otber 1aou .... 
le.Jn ~. l ludtna ,,...toue type beatiq aacl cooltoa 8J8t-. 
retrtaereton • ...._"• dl'J9d, ...... d1.epoea1• • ..a ..,t of n. 
perMOe t Uabti f1xwr•, _.. euppt:t .. at »O wlt••to-arouoct. A 1 kM 
aatot~forMr i llauM euppU.• tlM 120-w.lt ~---lac• •tl• •· 
lfo detaUed report of the operation of t i.. IJ'8t• t.a ...tlDle. 
TM onlJ' repo.-tecl •tud7 c · end.aa fU'll eecon.s., cH.etrlktloa 
...... f 120/MO-wU: 
ecOtlralllcal for tbe utlltc1 to 
rM•pbaM Ml'ri-c• twrMl17 avat.lMl• tn r-.nl ...... • 
ta Uatted • J c -~ tvo epeciftc 1 .... •tm.ttou~ • al-ud 
•117 p:M.&1 SJ fAN. aOllt • 1arp 4atry fan. ho 1• 'Mid•• ••••IMl1, 
lr..r.ft<'!e1 • r. W.1 t " llect.t't.e: •tloo1 lu 1tttMur • 
•· Dewlopmnt• oo crtal f.•tallatf.ona of iaMr Meo__,. wltape. 
l'lvtate COIT• •• .1u1J ZS, 1962. 
2call.tber. I. • or rtll. Tuae. Trial tutallatloa of 240/480-
volc MC....-, .,.,_. !Tl•U coneepoaHace. tept. 13, 19•2· 
PY*lc•l layouu of butldtnp, ... u.d •qulpllleat .le butl4lnp •. and 
Ut•ninatloa of eol.'lduet.Ol' tt.sw acendtng to penli•t•l• VDltap drop 
on bated°" lrtfG:natton &l'1ett tn Coi'tW.ll UAf.ven:f.ty btemtiou lultetta 
849 (10) whtch.,.. ,.bu-.. t.n ttff. 
~· <tOt1Clf.Mled that tile •• of M0/4IO •lt• on tM ,_... .•iwlled 
bed only mRglual eono1ttc *1vat1t .. OW1' th• ,_.._t •t•. 'th9H 
,...,. MCh 1uld !up m&or• or ot:hu ~1t 'lMd• '"**'tff.ted in one 
f-. butldtq .. 
TM •i•ttnte of fAml voltase "ptatl• pr.bl., tndlttata that. 
hrtlaea: -..lytb of f_.. •~Y dtttriktt:f.on •Jlt.- l• .......... 
ltwlit.•• Of lfMD IWf.4-ttel .,., ... p.rovtd• • .,..... .. fol' •• ,,.., ol 
f•N .,.te9, eltltoQrll it camot k ........ . thet tbe •lutt• of Qt'Mn 
r•~•att.tl ••• vtll •1" k ti. Mlutl;OQ for f .. wUap Mpla'ttlot 
pmlRt.. lt t• wll. to lceep l• tdn41 howllffr, tMt ta. •ft•t• ot 
pow vet-.. r••t.ltloo _.. dMa: •- ,...._... .... of -.*'• thtt1 ocou.-. 
10 
,.,. dtatrtbud.oo •'9 - v• adertabn to ••i.l'al• if billMI' 'ft>lt .... 
-. leMf.' l• _... aectca • • __. of .. ..,,, .. , 1•• aai4 attend 
load• .ea..-e w1t ... nplat:t le • pro•t-. 
wlc• l'e,tp:a1ett probl._ •• ..-rau, -.oeiate4 vtda •ln&l•..-... 
411tri cton. Aleo, m1DJ power ..,u•r• _. l"ffMl'ClllH•l (6, 22) 
co•Wer ,.....,.,._... .....U. ____..o•1 tor 1-d• wt.th nlatlwly low 
d.-nil• an4 -r11 ....,u_ou. 
11.M, A. A.. , W.. Ubiqtoa U, • c. ratl•• co•e of 
tfaqe•plMMM aa4 •laal•·,.._ .. nrt.ce or •--· ITlvate cor~e. 
Ju 7, 19 3. 
11 
fte s-. fol!' tllta et...t1 _. b•l••llJ SYU.t in tbr• .-e•. 
l tM fl... PA'f al .. 1,.i. ....... Of Ott ,_.f.abl• and Mtna 
WM conoftMCI wJ. t'9 •lMtS of •JMIOiflo wltqll 1--1• wilt.ell NH• 4 
•• ...,cal• to f.,. dlatrt.butioa .,.e... la part tllne, callf«"itlooie 
wn ...... betweea tlM apeoific w1U819 M1-i.d .ca ta.. pn ... t dl•trf.k-
tlon volt• of 120/240 '90lt•. 
,,..t.ablea at eotha YOlt• repJ.-tt fJ:\ 1 .... tlt•tl'lbattioa 
ept ... wn -.1,_. t .. '9lta nlatlw Uiportaa.c.• tM vwt 
1• .act.or• M4 ..... 1 cal>le t.JPit e tructt.oo. -4 to 
pro.W. f o•lculati volua- 4l'Ot tol' ...,...,. 
volt .. 1ew a. U -.1191• WM OOMW.rM ....... ...,. • .. _,.t f ..... 
1111 pd.de of le lattaa vottap drop -.1.ot oaduc.~or 
s..CUllee aod lo.I,__ Mtor (S, 10, 14, lS). 
lt .. retuJAt ._.t.a.J.e8 COMf.de •ff 'VOltalfl, load 
fector, ooductor .... utaoee r .. ~. Yalu• 
o c 1A0tor r•tat tMCtwe were tm f.. •ten4ard baadboou 
(4, ). 1he walat 
t r• aft.o. ttaa a.. Hl4l0tton of voltap lnat. wn eval"aud fOI' 
tbe f •1-ti volt. .. for c:ap&rl wtth tJae pnMat dlatl'i.• 
12 
Jlvti volt_. of 120/240 volt•• '%he f•ttmt comttdtR'ed to 'be (If 
hlpoi'•ce lu f_.. httrlbvttoc •tat •re .olt• repl•tto:a. Mfet1 
a.t dOdtroetion coat• relatecl to Mf•ty• •hnd-4 YOltqeiJ, _,&MU.• 
ahilit7 of .ac11uatioa dnlc•. 
n. re'latlouehlp betwea volt:llP repJ.aU.ora and, wrtout voltqe 
l•wlt w1 evatu1'ed. 41U1Jtf.cM!lf.. !ha ~· of di ffftent wt tap 
lew1• .,., evaluatd ~ualttattwl:r .. 
oaly wlt .... •CWM• ,...._, llO/~lt: die&tt.bucioa a.I , .. ..._, 
· «U.•t.-lt.N.tloo vol._ \tlvel• wn __,tclend. ,.._. ft'..-C •lflll• ... ,.__ 
,,,.__., dutrlbuttoa, tlne• lud1Q8 ft'<M wwtataTy lflM o•at.-. are 
Uft4ll1J of the 7, 100•Y01' <tlu•• tt •• d....ed ~~ to -. voltaau 
bipa.- tbal P1'1'*'7 ctut~tton ~i... 
n. wttap lewta M1ectd wn o..,...a vttb the l20/240•volup 
lewl on tit•*'- ef Oftl'••ll ay.-• eo•c• _._.. tc.r 4ewl..-nt, of 
1-. tff.tllout ncMd"fAI -. ltfdte or noon · 1ad.t .. u-.. dplaclon, aod 
••faty. a. lut two faotoi-• .,., •• ., ... ..-u.tatlwl1. 
fbe co.t of • dltti-lbutift •PU• ua ,... dl'l'lded inlO, •tntai. Md 
._,,_.t cMQ atKI coastl'UOtlon GMU.. lo t.llu •tudr, tbtl, ._.tftlecloa 
acl Mr'••• CMU ....... ,.,, to M • CQJUC•t ........ of ti. 
conductor ad t•-feinet' .,.... ~tq ca. c•e. of tlMt lat••• ~ 
:tt- lot 4lff•nnt ..-oltaaa 1.-u ..- di9 ... raeto of •o•t• _. 
~ah actual comcn:aetloa ad ......... cot1t1 ,,.. ac f.oeluded . 
CoocluctOl' end ti'*"~ coatf, •r• -~ 1>1 -44taa a fl.mr! 
lS 
pcn:ceMqe. to .,,.. .. wboluale prl••· 1.-.1 ~ •'1ppll••• c.ontr•totW 
_. deatu• lmlG•ted that tilt• fl'ooecluie *-ld provt.4• ~l• ""' 
••t1-t•· 
the Hlatt.• coat of the eoaduc=ton for tu .. i.."4 •lttllll 1.-11 
.,.. a.t.enltnld oo t1'ae INlth of eflU:li•at.ut VAhltt ol volt• ,.._. per ..,.I'.,.. 
loot ,at • lCMld ,_.r I.act~ c:tf 0 .. 80. Vblt• 'tQUllltf.oa ••led ftoe t.0 
t<» 5.0 perce11t f.n wit •tee•· •1 ••f.np 1u. ~tor ••t• tltrou,aJl 
ll•Ual a Jlf.lhet' WlUp trat .....-t ti> 1- avaitele £011 tl' .. fO .... laYMt• 
mut .._~ tltU equl.-nt _. -.1r.a. 
• l 
1 • 1 
1pbe 
14 
AHALYIU 
ne..S ~~tcaU" br 
·V< 
I • ct T .. i•taGCe, 
• 1 IM'illM'I" fac or •ale. 
aff ttng ouduetOC' voltap 
follo.tag ..,_ t ; 
(l) 
1'bta tt t.. commonlJ t tft -atneed. tut• vlltcb diacuae tbia 
• jeet (U.). 
ual louuau1_,ro..._e4 1 of • fi llowl 1 efpla 1ona1 
I• · 
I+ X .lia ) 
1 • 14, l) .... 
• 
ii' 
(2) 
(3) 
reaul•tt .. , &e · troll lot' • 
...... s.. 
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1. eo.Nctor 1'••1•taac• 
2. Load potMI' f.cto 
l. Cooduc.tol' nactaoc• 
0 tbM• ..... 1.-1 .. vtll .. 4iM'd•-* in cletail end acatbtoal 
• 
uct5 s••J.!te• 
'Dae r••l•taDC• o a cOQductor IA depemletat upoa tlle tne of conctuc· 
tor •t•t•l and it• t...,_..atun, uoea•Meti.oaal -..., aod 1-.t1t. 
'falua o! cOlllduc or •f.•tf.vtt1 ate at..- i .at M11DMrtaa b..SMc>ka. 
JJ!tU:&tl• Coppu _. •haldllUa _. dae onl7 oonduetor •t•1'f.a1• 
vlli •• 1>TMentl7 couW.ncl .cono.tcally feMtltl• for dletrlbutloa 
l>U~· COpper aa.. a 1...,.r valu. of neletlvU7, 1nat atu.t. ... ta,.,. 
expenet• ad U.pt91' l w1abt. ~ of theM tw ••t ... alwd• 
1• ,,..., fOIUllll' t~ low .... r1a.... dletrilM&ttoa. 
tw!ratm ~ pnporttoa ta.et coachletor r•i•teno• tncna.M 
per depM l'i.. in Ulllptlratuu 1• called tbe ..,. .. aaar• coefflctea of 
l'Uietwe. Copper aad •1-1-.....,. .,.roxt.etel7 ta.•- coefflclMt, 
o.oo. ~ d•aree can 11"114• (16). a\ c...,.ratur• rt .. of to•c vtll 
pr • .,,nxt.t•lJ • 4 pel'Cea t.acn... tea cO'Cllluctor r••ilttaaM. 
1be -···· t .... ratu• wlo • ooad.uc.tcw ....... ..,.n4a upoa tM 
_.,. t t .... ratun, poar lOH ta tbe uctor, _. ti.. race of beat 
trwfe1' kt.wMo tlae COQductor ead aunOQlllltna •twla11. If tbe ftlue 
of C«at'reat .,...oac1Mt1 tile COIMluctor c..-1t1. coaductor t_,.racun c• 
'be c:ona1Hrably ld.aMr tbeQ taa. _.ttia.i t.,...•t••· 
of the tted ltatea. 
c uctor volta11 rop ataould be e1ptftcu ly ,.,_ Chea •U•t..S uetaa 
20•0 .,...11Jttwtt1 valuee. 
A_.._ ._s.p t..,uecve of 1o•c for O'Nl"bMd dllltrllNttoo 
e.oadQOtor• i• reco1 ad•d iJ oalf nfel'W• lt.,SMok (9). A9 i. llfPMI'• 
to l>e a _.. naU•tle walue tbao 20•0, '*11d.ator rulatlvltJ wlun uaecl 
in t l• •euct:r vlll be t'°'41 e«nepoaiU.aa to • coadMtol' Ulllll'•tvr• f 
1o•c. 'Ible -.1aa c..,.rat\ln ... alH ..... 1141 l>y Mr. Lord.• .i..-.1 of 
tile &*tr.teal laal_. t. hparC.OJ of fratt 1Mtltute. 
41nct1J wt.th a taonau ta cnM•MCt&onal •ea md to.:n .. • cllnotl1 
wtt aa tno.rMH ta i-.th. Vitia COllllMtor 1~ c.--1, t1*1 by die 
location of tM load. dae oniN•MCU.onal ... of tile cODlduetor t• vaual11 
aalected ec.eoritq to ta. ruJ.atl.t.t1 an4 pHlllMtltl• w1uea 4rop. 
JeM RC!!V fMtSJ 
,_... feotor .ocora •• of&eo clae •J• load 
latoo-atart tnducttoa-run *>CO •· wbl.ola ...,.. 1- POllMI' fectore 
at at ttcaa an4 at U t lOlld•. .. f~tl7 u-4 bee .... of bf.ala 
lJMON. Lout•. ll'OoklJll '• trw Tork. Meat.ta opnatt.oa c...-acun 
ot owdaMd cllatrihtlOft oa t.... hlvue ~  tlq 22, 1963. 
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Cb.artty (1), ..... 
llan •P4Mttliect fos: full lOfld coadltt.ou • 
• 
lete i ormaclon ta _.llMl• 
f , ....... 
.... ... tly 
fOI' the avu• tara, it doa tQdt• 
tpd.te low. 
S9!1uc5u rechM! 
17 i uctlw l'•aot..,. ot contl~tor• _.. h coatt•n.t for tan 
dtatribuctoo .,.cw Mc=w tlae •Ueot of eapaoS.t-..ce b M wU tlaat 
it ca M •ateot (1 ) • re••• •tu .S.tanlae tJM. t.Dlluet1w 
r.-: • of a ire.alt •• dae •ta. ol tla9 COlllliuctor • .,_, .. Ntwe• tM 
uoton, proxiaU7 of -..ttc •t.•rlale _. 1......-1 of ta. ..,,17. 
'l'M •f fect f •U. _. ~l on *oMuctW NMtaGOa for IO-e70le 
alr 
...... 
.....,_ 1 1.-. i. tf'itll the eonllluctol'• ..... ,. t be to fl'M 
ldl .....,tlo •tutal PftMDt. tbe nftM ..._ dta' naccuce 
ruled fl>Ml end tiffl' ..... vtdt tuenat!d coaductor 
~ fMtor 
c:cat 
t wltap 41rop of die coadvctol" for • tbeonttcal condttloo ta f.o 
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0.15 
0.14 
0.13 
1-- 0.12 
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w 
LL 0.11 
0 
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a.. 0.09 
en 
~ 
I 0.08 
0 -x 
- 0.07 
w 
(.) 
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<t 0 05 w . 
a::: 
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AERIAL CABLE 
0.02 
0.01 
0 
12 10 8 6 4 
AWG SIZE 
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(A) NO CONDUCTOR REACTANCE CONSIDERED 
I 
(8) CONDUCTOR REACTANCE CONSIDERED 
rt.pr• 2. ,_tor •taar- Mowiaa tM eff ta of ournat • ,_... t•tor • 
eoaduotor nsietme• _. ..... taee Ola wlt- dro, 
20 
Wf.tll the wnent, .act 'be wltqa clrop t• dltt ~tc•l dtfferace betveeo 
tM hPP17 vote.ae. Is•*" the loed wltap. It• Xt .._.,.be note4. for 
• oonclittoa of Mn> coaductor r••l*le•• that the •tul wleap drop 1• 
l•• tUJ'l tlMI n 4C"QP ta the uacluctor. 
Diql'• 9 .of ftaure I tlluat.1'_.. CM •ffMC: of lddtq a eOJ.lducto~ 
caeo1ace. to tllt• ..... ·dMI. actual wlt• oop t• l.•pr ttuao dae U 
dwop. tu enutal wltaae 4np la t._ conduotcw _, be 1 ... Ga•, *&dl 
to., ow ..... tw di• tl'ta D dup 11 4.,_.lna upon dae l'elatiw _,.itad4t• 
of tM cOD:h.lctol' te•i•t- and l'UCt.,..., w d&e toad f(Mlr ·f•ter. 
fl.pH 3 ._.. U. r•tio ot. .,_,_, .. ".,..__.to n•t•t-.:e I•~ 
tlW ..... oi eoocblctos •'- aad ..-1nat1 daat •• UMlJ co h .... I.a 
t .. 4utrlht£oa •:r-t-. •1wtttu1 ..... 1 callil•, .,. .. copper,_. 
-..• .M:ll (ai.t-. oab!At ·•'-•l n .tatorcad) cowka,etao •• Mtertai. 
d aoaltnactton •Md in fua tdriq. 
V•l- of Ill '"°" ''•" 3 __.. •• '"' con1truottaa rt.pre 4. fte 
outMMa tn rs.pn 4 ••f.c•UJ n,..._t ·et. r.latl-1\lp .,. ..... wie.aa-
'"°'" coaMh.M=tor ~Ut*'O•• l..r '°"'"' :ftetor. eoadQct:or nacurae-e ..a 
10lld curr.nt. tlleH· •,.._tool••• ourw• wn obtalM<l ~ p.,alo•l 
.oluH.ooa of lf&uation l for v•lowt va1\lff of I.fl. low dul loM fOl!MI' 
l•t•I'• --.. !be ~acto. lf)la. i. aa1let eta. 4rop faotor. 'It u tlMI 
.-attlo of actual volt• 4rop to tit.a D 4np of tile eo~tol'. Drop 
fetore .., be uaeid u • •ltlpUcuatto• faotor to ••t•nt• tu fl'0,,.1' 
c01Mbtctot at&• ...._ HlMttou • oal•lacioa9 a. Mled onl)' upon c:lae U 
41'op of the cos:aductor • 
•• 1 .. of Ila l11Cffaff •C: - ...... int r•t• - coadueto.' IUM 
1.75 
er 1.50 
' x 
w 
u 
z 
<{ I. 25 
I-
C/) 
CJ) 
w 
c:: 
0 
I- 1.00 
w 
u 
z 
<{ 
I-
~ 0.75 
w 
c:: 
l.J... 
0 
0 0.50 
I-
<{ 
c:: 
0.25 
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-- COPPER CONDUCTOR 
-- ACSR 
--- AERIAL CABLE, ALUMINUM 
----- -------
CONDUCTOR 
SPACINGS, INCHES 
18 
12 
8 
4 
0~:--~10----~8----~6----4-L----2L-~l--'l/0 __ 2L/0_J_3/-0~4/0 
AWG SIZE 
r1 .. n l. latio of eoaduotor naetanoe to ruu&:aao• "· oonduetor ...... 
tor .,..t.ou• •paclf119 llDd •terlal• 
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RATIO OF REACTANCE TO RESISTANCE, X/R 
rf.llJr• 4,. Dnp ffMltor •• ratio of eoaduetor naataue to neletann for 
vartowt ••lue• of loed ,_r f•tor 
bee-. l••r• md clrop f•tor• alM ioatMM •Ila taen11•. 11m•• 
drop fet becoM loc1'Wlal1J ll'Mttl~ • coaduotol' at.w ilre s..cnu.ct. 
Tiie Mmfit• ert...S hoa 1acr ... 1a conductor au. for wlca,a naula-
tl 11 purpoM9 ._ ...... • COD&luctor •l• la tncr...... ftenfon. fw 
.,_.. oaducton lttip nptattoft 111 ...,"""'1 to a OOGaiderablJ 1.....,. 
•..- 1 l•naatna ·toT •'- '-10• a 11o. 4/0. a. an•t•t volt· 
... re lattoo Muflt. la ul.wcl frM lMre ... i tlM -llet' eoaductor 
au.a. 
Ii r tu II .aluee ot oaduocor• 1 a. raee of 11o. I to • 4/0. 
the drop t•ton r-.. t..- 0.70 to l.to '°" .,. .. aoadlletor• fl'Oll 
0.6$ to 1.0) for al-1.._ Ml'lAl Gabl•. 1'MM 'NlUU of drop f•t• ...._ 
ao ..wtou• ...,..US* fr .-w oable en- coolllueton,. fti.• •..me ... u 
P•t•t or lG1Mr valUM of ,...... fMtor. Co~1"8 mut.ua 
val\\d of drop tutor at a 0.60 lotld ,__ .rector .. 1.t5 llOd o.as fOI' 
•paced oaduetor• * •rial c•l•,. "9peottw11. At a lo..a pawn t•wr 
of it7, corn•pen1U.na ... t.ua •1_. _.. 1.10 _, 1.00. 
!lae wide r-.. in np fact val-. f01' vtWtoua o...._ton end 
c GCCOt' .,... 11Mllcate .. illportwe of COMldftt .. CODlhaot01' l'Wtaaoe 
aod lMlt ....., feet.or • wll • conductor r•tat ... • ta •leetlna 
ocmckaot ...... tlMI "91• of peral .. it»l• volt• dro,. "- wtn •1• 
olMwt of Pipe J t• NMd •fOll tbeM o0ftllde¥attoae _. u f.nc1ude4 lo 
t t.e nport for coutderattoo • • cta•t fo-t 4-tftalotna tlOPft coaduot• 
•iw for f .. dietrlbuti .,.cci9. • l2•iM 9JNI01D8 ,,.. ••um1 ~ to k 
9"t npUNftt&tl of on.9tructlon uaed on t ... 
rt.aura . ellod ta.. r• atloulltp ef wlt• drop per 10.000 ... n•fHt 
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12- INCH SPACED 
ACSR CONDUCTOR 
12-INCH SPACED 
COPPER CONDUCTOR 
ALUMINUM AERIAL CABLE 
1.0~ __ __.. ___ _i.... ___ _.__ _ _,___._____. _ __._ _ __._ _ ..L-_....._...a.I 
8 6 4 2 I 1/0 2/0 3/0 410 300 400 500 
CONDUCTOR SIZE, AWG OR MCM 
rtaun t. 'lolte drop per 10,000 ... re-feet 'ft. OOftduetol' •lH fOT ...... 
coeduetol'lt and ewt..l eul• at • loed ,_.. f•tor of o.ao 
1,7 
ao4 ooftduo~i.- •ta• ,fn 12-:tacb .,.-ad copper, 12•tfteb .,_., AC8 1 and 
•l.oad.moa eertal .,ate eonductod •• • 1-4 ,_... fmtor of o.ao. Yalue• 
of wltt d'C'op p..r ..,.n-foot for ..,,ou cOIWlbotor •U.. MY M 
calo.ula..S by alttpl~ ti. I dnp of 1dae ooaduotor bJ t1aa •pnprtate 
dtop factor.. !be lower valuu of volh dnp tu alt.amS.nwa •l'lal cable 
9hon tile edVMUS- of_..,. tbt• -'le over ACll coadvetor•. ftf.a 
...___. bee ... l"•t• foe t.. l•pr •i• coaduc-tor•. 
TM llMt ~ut prU.ipl• HdftlJlna • 4l•trlibuttoa of e1-tC'1• 
cal enng l• tb#t '' 4Jhoutd tMt C01We)'ed at U lltp • 90lM&e U le 
practic•1 With• .tatna _.. .. of traufoaatloae (21). Yolt•p h 
..,_.taut Mc_.. tile polMI' to•• tn • 1two ooaduot« lr....S.ttlo.& • 1t'Nll 
i.a • atwn dt•UIOU v•td t_....1,. M tM ..,_. of the wtt.,.. 
TYWf__.ttlou .,. lllpo'ttant hM•• of da latjll dt>it'al tlwMt-.-c: 
•*&Utnd for tr..,.torMr• em th• ii'" *'111 cop"r 1 ..... 
Power lo9• !• u•U1 coMt.4 ... ol Mjot' llllponeno• lo the ctt•t'.t'tlN-
tloa end tt"--'••I• of electrlca1 .._.,,. tn fam dt•trtbuttoo a,.t.-, 
h°"'-'V*"• val~ replattoo la typlMUJ of peatal" f.atporuoc. then powet' 
l••· ta fact~ _, ,_.. lo.dlt ....,. '1.aob lo'1 lHd. l•toff (1) tbat pave 
l04J1 I.ft tu U.M c ... •• 0011 • aall :t.nc.l'eue ti. '11'Cllldtt hour• of 
enel"I)' _. __.11.J. l'oor w1.tq9 npUt.l.oo, .._..,..., UIUlta ia lMI• 
flot•"At operactoo. pow ,perlonMttC•• end rfllduced U.fe of -.1.-.ac. 
l 
t 
1. 
2. 
3. 
• 
l 
• 1 ... leMl, a QQllbel' of tac on 
t•w: lcal w •· e f actore 
pear t be of lllllH•ri:<IU'JC. e 11 8' 
• ot . ,.. tNCt to 
1lit7 of utilt ti 4-v1Ctl9 
lt 
l'&tl 
eoc~m1~ NC f c a file 11 
l • loatca1 Ml tt.oo f t • ltap lewta 
f 
t 
~ " eytteM. 
t 
1 
• r a 
1 r .. t•t •• 
X1 • 1 
z • 1 
• at-...n loed 
dletribl.atlo •JI 
t. cottec ina 
auee the r· 
lee 11"1vtte1y • tbe llCIURe o! 
•t tf 1'. l• fae.t 
teeae 
(S) 
(6) 
W.re & i• • con.tat for • glwa load aa4 • .._..._ •• 
lf U. right •lde .of uttoo 6 i• •ltS,ltH aod df.•tdtld by IL o• •• 
the r-eaul.tiaa -.va,ttoa kc.OM• 
,....., ... n/lt.1 40ll ' • 100 
•r. r t• the fO!ftt ..,u.s to tr. load. 
(1) 
~U."lly • tatp • wltqt • fO'•f.bl• -..ics k _.. co olttal• 
MU... wleaa- r••tatt.on. SIM volt• lAftl of • •'9'- u lltdt .. , .., ... 
..... by Pl'•Htiul e.-tdaratua of •OIJOllla _. ••f•tf. 
1!11511!11 outmda CMM .• gl•!IS ;S!. Mf1tz ..... ••t of 
c:outruo ton to p~ •tlf• .,.u. opur•tloo l• 4IOlllJU.l'ab1J kl__. tor 
talll:. volt• 'lwlat.. for •l•'J ad •Ol'ieilll• tr ... t••lon wlUS- •• 
ndw::.d •t MIMWwy lMCI nate8 f« prl.tluJ clUt:l'ibuitoa,, h• tlle _. .. 
awt._,. loat c•t•r• prf.lla'J dt.tYt•ttcm J.f._., whtoll •• _.u, 
..-•CARI ac vole: ... kttNM 2.400 ....S 14,.00 volt•• .. .stat• hi •ll 
dlnctt-. to ._. lotd• Wbtell •• 'l'e1Ati.i•l1 MIU M &~eel co tt. 
total loal •1'¥t4 by..._ tt....._•f.oo U.ae. Df.atrihtioa. volt .... ..,. ... 
•111 have tNeQ t:aan...S RIHJe.et•llf u loed• IMlve heOOl9 i..- w 
MCtft •tbod• of ooucruatton .- i:mbll-attcm Mwe -. 4.-lope4 (16. 
20). 
htma14tetrl1"at:lon volt .... _. •.ad•ed at-. i .. ca 120/240 
wlte. n. !•• tut 1 ... dlatritmt-1oa wlcap bu ~ .._ !M~ 
vltk bMMl tr"cll tit ••°'*'17 •t:t~''bucabl• co lactor1t otllw &Ilea tac ... _., 
eoet tructl. • .l •J• portion of die coutTUCttt.Oft •t•-rhl• 
r ... tl1 ... u•t• ad l• tor f ... .aa..ir,wtl• are ..ally ._ • ..., 
_. .,....°"' I' •lt .... wu ebo'M l20 .olu-to•sroulld. l•, pol• 
b......_ md tnlul•tor• coold a.. ....., •t _..t•tt.all1 •tper wl~ 
_, ~ tor• an .... ...._. _, laeulated t 600 1t0lt•. hntce 
avitcbH _. eoatro1• •• •1• ..,.ilabl• at .olup ratlftp t 600 wolta. 
rcw • ai,,. load, wt.t._ _. ••trot• :ra- at 600 -.olte • 
aotuallJ lClftl' i c t t •11111• f.t .. rat4t4 at 10ftr 910luptt. Tilt.• 
f.odlcatM tlaa tM red•tloa t. ourno.t ..,_,,,. hu P'M a •ffee 
coet ' t•n..- 1MGlattoft ~l ...... t• •t dae btabei vol"P. 
t oM svc· i •tert•l• ell· ... , ta ... _.. 4•1 ..... for 6CJO. 
OJ*'• I.on, M4 .. ulpmot wlth t"l• wttap ratitil u ••1181• a a 
low Cff • -...untlal uvt.Ap .._t.t be naU .... tllrot.a. tM UM f 
-U• ton at• u~.,. io tt. 600 l~ o1••· Yolta .. lewl.e 
i.1...., t• 6GO wt • wo.14 MO ... tt•t• • ~lahw Oftttn t c t th• 
~ ...... or 120/MO ...olte. ctor t. .. i.tioa for the lpft' '" ... 
would be • •.tor l t 
lt.f!!!M!d nl!M!! 
.-•lbl• ... prod ctt. 
t die l.t.pa.r coet. 
A 1.- ... , for •lpM•t _. part• due to 
t• • •J• ....._t.. r .. tecttq .,_._. 
lt ... for fena cU.atrllMtta. fl•n•Ult7 '" tlMa h'-rea.. .. eil ta _... 
oOOMOiioa f ,_ca _. ..,..,._, aleo "8Ulte ,.._ tM ... of •~..._. 
iua-. 
lpeclfic •i Ile• ...... W>lt•• th ah MoepHd at..... for 
,.. ~ _, Uut"-tcto •• 1.20 MO volta. Yolt .... ""icla ..,. •ltt-
plM o 120 volt• _. hisM't · 240 volt.a • nadtl:r be _.. 
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av.S.lable, t ~ lt .... .- not C01119ldend • ..ta~. Tr-formr• 
~ M0/480 lt• _.. •toe utaloa product• _. _.. prte• 
t ttcallf vlt -..1 
folt .... betwea 600 w 2,400 volu _.. uncc:i_ ...... HlAloa, tf ..... , 
• tbeJ .... 
• •lql.,.,.._. ~~ cU.etd.bu i voltqM are 2,400 to 
volt•. lttwt to f.-.. t• 
ttori. •tcee 19 • •jor fMtor to c:009f.Mr 1 .. teottoa dt.atrlkcton 
wU..... Al tM pr... t tt• tllroua'M*t tlaa Uolt.a It-.., vltla o. 
11120 240 vol•· fte 
1-p 1 t •t •• , .. ,.._. or ~ata. at 410 volu. ..._ 1 .... 
.._ · 11 ...- ta ...... tl'tal and co••ntal appU.Otttt.Ob9 vlU. tlane• 
y f t'elp couatrl•• •iotle-....,. tlwtue _. opuate4 at 
120 lta (6, 12). Jn the UGitecl 
Oil, fo'f' --.1.e, ut1U.aacl _ clevtoee _.. opereted ac JM> ha•to• 
.t, vtcb ~ o tlMI larpr •tot loeila optt•tina • wlu.1 
tbe Uolol\ of 8owtet loctaU•t ._w.1te•, ltptlaa load• .. opuate4 at 
240 lee_. pcMtl' toed• at 480 •lu. Otbw cowatd ... be1' •a.....,., 
181• , t. . tSM, HA. ..lu-dlle, 11e71.ud. Vtlli.Mtloo 
vol ta lniat. in Gr•t d.tal , 1 al , ... • a, 1962. 
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~ c• the tmnrl 1 utt.llc• 0/220 volt•• vhtcb ... DI 220 •ott•· 
to-around fr• chree·pbue over. 
1 chanae ln utillaat1 'VOltaa• l•,,.1• l• oppoaed b1 the ttonal 
lect-rtcal 
olved (19). Adclttioml ia.aulatlou, new contt'ol d•tp oonlntuchapeble 
with •Mot coutrol.e. pU.catJ. of 1rawatoi-l• dt9t'C'lb\&U0ta. _. 
t••tt a aorS. ll•U 1>1 uvrtter1 • raiortu voulcl r•Mlt l• eiplf• 
lcaotlJ blpn eo•t ewn lf clevleu wr• pr 414 ta l•p wium.. r .. 
u- alo• are t U.ul1 to onat• • aee4 tor l•p •aotaab wlueea f 
1.,..t 0 iatel'UC ... 1-.otYl'lll'• btpl)' compeUtf.ve it-. 
8t.ql•·pb.aie •tor• rated at 460 volt• •l"• MOUfac ureid .....,..1 
year• (23). The•• mtor•• however, •• lonpr .,,.Uable. 
Pro'babt1. me f.9caott ...iaeturf. of etor• •i tht. lt ... 
ratt cu be att~tbutect to ..,,.1'•1 factor•. The tioaal llectrtcal 
facturw• AdoctaU oea t appro. • mtor cte1t.ped to ol)ftate at 
th1• ~l.~. !be t '• M«:eptaoce -.I •• were robattty liaitecl l.7 
tbe pner-al uu•U8Utt1 of the tglaer t.Jttltaatton voltap. Al80, fana 
lOlllll• not wldelJ nelO(*l to • ext•t ~t tor• of 1• volup 
1'Atf. W 
! lSW 1!!11! gl•td 
A e l•tely new uttllaatio "YOlt... l.,,_l fo~ fa1'1111 doet not ...,_.., 
e DOiiie.al vttb ta. tr.._'QICI_. oUar lll'Mlltmtat 1n •tiU.aactoa dntc .. 
uf.pad to •t• a 120 /or MO W>lu. •ltioo ot ·t1ie tloaal 
11.ctrt.cal -f..:tunn .._lattoa, u •tM•Md ta: dMt preriou HoU.oo, 
al~ .,...14 ....u 41fttc 1u.. ta eff41Cttna M10' • ca.-.. ac ti. prwot 
ttM. 1.'hu. for •7 41•trtbu:tlon votcap 1 ... 1 .. 1~ted, conetdtt•tlo 
_.t he 1tva t Mpplfiras ttue prueat •ttllntloo volt ..... 
,_..,. a llf.thr utt.liaattoo wlt• fo'I' 1at•ar-l bol'NpOWr •loll ... 
p11.,. •tor• llaould ~ coatW.red. u l•• •tor lo.cl• ... ofteo th 
IOU¥U of .-. .. 1. volt• Hplattm probl._, •bl._ 11tiU.a.cton 
olt• would ·~ tlia• prot.l.., .a ooultl r.-lt. la • •re .cODOll!cal 
til•trl'b•tloa .,.t_ IOI' ... f..... A nduc-tton 1n O~t for ., If.Yen 
lod cbl'OUjh ~I.DI• lll&ba• -' .. tp volt• .. wou14 pand.t tlMa UH of 1-aet' 
bo1Up0Var •ton the _.. P't.._tl7 aocwt,.red .c--1.eel by ~ poww 
1uppU.era .. Yoltqe lewla at vllicll iat•at:•l taor1e,_.. •tot'• eould M 
Hoaoaic•UJ dutll*l .. o,. ... ,.. lboalcl H • MJOI" OOlllliduatlo tn 
••ltctlq a !alp fana dt.«riktloa wltqt. 
CO.idartaa the c~t ol cOl'Mttnctio~ __ ._, to prcwU. ••f• •111t• 
o,erattoa *'id th• -.t.... VC>t.caa- l'atl.•• ol •t•i•l• ,...._tly -.t.1a1e, 
• dh:t:d.butioa voltap of 600 wlt• Ot' leH •houtcl be ti.. .-.t pl'aatlal 
"*ilP to ccmtt.4er. Arq c.,_.. fna pt .. at •thodti of t111ulatlOA .-
outnct.t<m tbat •lht be "4Jlbed lhou14 '- • aln .... for dlt.e r•p of 
wit..-. tftcta pl'OpeC' r•..,...l•u alld en!orc_..t ot •••• aid' ••Pl•tlou. 
peeeQt ooutruccton ptoceduw:• 8bwld h Mfe _. -....t«. ••rt.•_. 
and ptacticu t• ot-Ur: eouAtl'.U. utlq 4l•t.-thttoa wtt .... b{S1Mrt dMla 
128/240 volt• .,_W •• t•aluable t• forwlactna cod• nvuiou. 
If vole..- &lf.alatr thatl IOO volt• wr• co he t.dted fol" tea dl•trll>sa• 
tton .,., ... , tba prohl._ eoeoulitel'd wit:la ,..,..., ¥Ott• .J.eval• WO\ll4 
k pr ... c. t....,.J.att.oo ad coqtnactton to pn.f.d• •af•tf'• • tta. 
pr~tlc•l upecu of •S.tll •tandad wlupa, ladf.cate dlat lf 41-t•:lk• 
tt. voltapa btpe t lt• were oed.t, r1-z7 lt.,.. .ta ld 
• uaed c•nten ot buvJ lotld•, ...... t1atl7 elf.ataattq .. _..., 
dut~t tlo a,•t-. Aa bill etud7 u eoac•l'Ud vitb '90lt.... fall 
•'8t .. , 1 ap Hlectto wtll C'iarUy be tr the 
r 1 ... ve>lt•. 
cal cbol.ce f • uuUMac o. w1t: ... 1.-1 •f.tber tlaaa 
24 -.olta _. DO •n tlaaQ tOO vole. at aicdl ••tor eoulcl M ecoaolllcal,. 
17 Mmlfaotund and oparate4 u UC> Yolt•• lDtqrel 1110r1.,w .tor• 
oulct k proyt.dtl4 vt ual wltap ratlap I !lO aDlll 460 wlt•· Motor• 
o! tlU.• voltqa &"aU. I 
pnMDC cs-,• "'97 oouht M opedttd et claa pn1at u 1.u .. ttoa 
230 .o1t•. 
ton prov14ed at. a 1 volt.ap l'•ttng of 230 aad 460 1t• lei 
c•:rtatnly • o be • " prac teal de• lute el.Wbiutt 
01' 1 al l'Hpo!IMr runt l ltqe T&Uap o 
llS DO lt•. o,.t'•t1aa •ton 0 f.Dt•tr•l lMmaepDWU ratlllp OD 
115 wlu t.• 1.,..acttcal ...,t tow • I• •.-ta1 ..... 11uala • 
115-wlt ~bl all' coadittomn 1'etell at - o OM _. ~-.._u 
horMpowr. I• faot, f. t• ~ that 1 wlt• •t•• of one• 
9'alf boreepowr aD4 atiov. ,.,.. hill opnat414 ac no volt• (U). or 
farM, a 1 ... c. t 
tot•er•l ..,.._ 
Aaotta. adYMaUfle 
.app.-r11 to 1'e ao pr.cttc•l rpoee f I' Mt q 
ton co __.t• lU vol•· 
lob •troaalJ la'¥ft• a 480-wlt M1"tioca OMI' 
o er lab dutrl t1o voltage 1ew1• i• tlMI nal!M>iU.ty of trau-
th ~ ada1ea. na.e t.raafonera •• -.tl•J.a 
• adcllttonal oet OW\" •tail tr.uforan wltlcla 1'aw 120/740-..olt 
.. conda t•. !'t for.r• er ai.o aatlable lch •PPlJ 120/240•volt 
tt1iat1o "°ltqea a '1AOJ 0- lt eupply. tbGM adwmt .... do 
n t ut• torr other c .1uatlooa of iwoli.p lawle. 
u • paerattaed co c. ••f•t1 dtceacu that diatrt!Ntf.on volt .... 
c eho-. ld u low .. r.-cti.cel. or far:a load• of the preHnt, 
u well • the fon...-1• fut.-, 140/480 dietd.batlon wlup l• auffi· 
clently ip t conttol wltaae re latf.on pr 1.-. cur loacla are 
tl li 17 bee • are•t .. to pre• t 1t r•aul•tlon probl ... ..a.tcta 
onotlically • f.lll tt4 1>7 !Acre ... • in coaieluctor •ia•. Por 
•Galp •, • Mo. 4 c e " at 480 vol • 111 replace • 500 
c tor • 240 wlt•. •tuatns • 12-t • acf. a ad • l 
POllM factor of 0.80. 
• 240/48().i.wtt dt•trt tlo .,et t be acceptable to tb tlM 
t and 11.e'r', tt _.t OllllpUe nor•l1 "1th the eant 
120/~lt .,.t . fac1on that .... moet UtQ tn evalutt 1 t 
n.latiw rrti• .,. - _. O'\llllft' ... u epcea t•, ufet7, 
llftairt for dewaJ.OD•r't of 1 • vltbout .....ttna tlM U.af.t• of nc011-
Sr.1ta12•s 
fte, tot•t coat of a 41-trtbutl~n •1'ta WM' cooatdered • tr. •• of 
a.. ~t• ot •tort.al•, eqvl.-nt. and cen•taaeU.... To''" t'h• •Jor 
co•t tteme exce,t lebof aa ehe but• for Olllktq COll!Pftb•o• of.,., ... 
coa.etcuct.ton end h.....,_.. c•t• _... ••-' to a.a • cort1t•t f!IJ'Cnt• 
of conductor tmd trMlfO'ftMI' co•tt. lv•n with thf.• •119U.flcat:t • tb• 
e.-.f; cott to the,_... ot • dl•'tl'thu1.ioa •,.t•"'* 4ttfteu1t to 
attute. 
firtctNJ fOfl coaductol'• and tnufonen wt.di •t•leat 'PMtfto•tloaa 
ftl'J.d coatl.d•fl'blJ amna price tt•t• _,,uect by tmoluate 4tetrt1*cora. 
'°" Ueirtpt., pried for a lfo. 1 AIO eon- cobihet• vuW • aacb • JO 
pet"Cat. Pl'tCM oi.o vart.t with th.a qonttc7 pvckued _. dtf,_._. 
lo ianlatton •P"lftoattOM. 
~cto1 . _,Mt To_..,,.,.• pl'tu• fot' comlucton tllat _. 
... ,~uatative of t •• ,.td ., t ..... noleol• ,., .. ,_ .,.u10 
•U.. • obcatMd h• ..,,....1 1..i d'•cl'twto• ... ,. .,,....., end 50 
pM'Cut lllllldt:d. to tile wllolA#•l• _....... Loe•l .-.r .-pplkte, contJ'ac• 
ton • .., ctutr1butor•1 1• ~•o•tlOd wt.th t'- autllot, :todtcated that 
th1• pro«HMlun llbou'W pJ.'OYid• nuonel• coat •ts..tea. 
CNt •td.Mhl wre _.. fer copper. AGll, aml aluaf..- M:rlal coh: 
coolucton, ., llRMl tn A,.-tx •• !aid 2. J, aQCI 4. ~ tahu1u 
•lua wer• ..S co plot eb.e °"~ of ftgvn. 1, 'flltch •bolt tM onductof' 
co.t• for •t• .. Rb. 6 AUO to SOO ·MCI(. ..._ lut..S. of p:>lnt wlua ate 
u.s In OODluctft' coat co.paU.. 1n tld• •tuCJ. Alt1aocaP Mt •1,,.,. 
CtGWftial17 .......... , iM'l'WAt of ooatluotoY •J.&• .......... to k 
, ..... 1. ~t l¥n --~ ..... I! ,.., .......... '*" QaW:# ...................... , 
..... 
0 
0 
4.00 
3.00 
2.00 
LL. 1.00 
a::: 0.90 w 
a.. 0.80 
~ 0.70 
<( 
j 0.60 
0 
0 0.50 
..... 
(J) 
8 0 .40 
0.30 
0.20 
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6 4 2 I 1/0 2/0 3/0 410 300 400 500 
CONDUCTOR SIZE, AWG OR MCM 
W&ilable at tbe co.t .~. 
ri...- 8 ....,,.. the c:at of 12 ... :!nch ltpaeed * con.ductQd - •lal• 
m. ..-tel cat.le coaductmrt • • ,.iroeot• of tbe cMt of l,..taell _,_ .. 
con- coM.vcton, bued ~JO'l1 -..ue1 valun ot volte drop· per ...-re•fooc 
of load. Almd..num •rial eat.le 11 lw.r tn ~t cltiatt epmed conductol'• 
f01: p1:'ecticaUy all b>IWt.aa eondlttou. To illu•trate ti.. •dl.ocl UUd tA 
cOMtnottngrtgure I, •l.lffOHi Ro. 2 c.opffl' ~uc.tot<• •••• 1% tndle• 
on cater• an J"*l'J1-'td at• lHd ,_.I' feet.or of o.ao. tefentn1 to 
ff.pre'• it_,. be IMQ that l;M \lM of tM.• •la• eol\4uotor ruultl in 
4 .. 4 volt• drop per 10,000 ..,.-n•loot of loed. f1-t>• 6 al•o a.- tbat 
a *• l al~ aerl•l ~te l'Mtah• tr. "'"Y clo• to tile .._ value of 
volt• drop .. 
~ ca1t• of lo. 1 alUllf.tmla ae11Aal cat>1• * •· I oopper coaduccor• • 
• llboWll t.a rtpn 1, an fltt.oo ..s ••50.oo ,_ i.ooo t•t. rMpeett ... 1,. 
n. C#t of alwdnm Mrb.1 cale t• 45.8 ..-t ol tlMa c•t of lo. 2 
Coppft' ..... ~ •t a lNd power factor 6 .f 0.80. A/I al ..... Mrlal 
cat>te tf ...... _.17 lower tn c-oat only •rt.al cote vtll l>e oOMtd•nd 
Sn tlau •Uild1 tor d•tUld.ittng tbe t:Oll*'•tt• coat of ·t»/240 ao4 1At/480-
wlt .,.,.,. 
IB!!few! soa!" 
.olt• are ..s. tnn•fftllft'• voutcl be nqul.l':flld to l'ecl.ac• tbe 110ltqe to 
1!0 volt• for a...S.Ua Mny uUUaatbm dn1cu. Alltotr.,.forMl'• lhou14 
a uaed fn tho PQ'l'POHt .. tliey ee phJ1f.oall1 -ller, lotfe1:'· tn coat, 
llDd hi.abft ln •fflcletto1 ·.ttaaa • ttiro-coil ir-.tonB, 
.An atotl" .. f0..-1' wf.tla &be •- IW• rattoa u • tvo-cotl tsraufon1r 
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12-INCH SPACED COPPER CONDUCTOR SIZE REQUIRED, AWG OR MCM 
rtaun a. Cott .of •l•nua •rial ctlbt. -4 12-*b .,. .. &ell • • 
,_oat of CM OOltt of l2•tneh .,aced copper coDductOl'• tor 
........ loed pcMlllll' fMton 
41 
1• phyelcally ...,.lle •• • porUoll of tbe t tra..-tO'l'llar willdtna ie 
pr!Mry MeoadarJ circuit . !hta le aow i tbe 
b•lc t: tr-..fol'llll' c1 c::uf.t of It • • DU.I&'• A. 'tb4 r•l•tlw 
f tr formatt • 2/<ai + aJ). TM towr tJM r•Uo of tr..,f~tioo. 
the .. u. le t a lift Of tile ntt for a &i'M a retl b41c«tM a 
larpr portlo b.ot'l cti-euita. .,._. efftcteaq of 
aaat r-.fo t• biPft bee•• a portlOD of tbe loed cinult I.a 
•utP119cl directly by ch4l p~laliaJ'y c1r-cutt. 
'tJle r:•tl.o of pd . .ary ~~t to t'°'autoNtred currant, t 11 , ta 
ttWarHlJ proporttoaal t cbe ratto, l/•2• , tbe pri.ry curreat U 
equal to "2/n1 11• the lo.S cun.at. 1L• U equl to l + or, 
(I) 
(9) 
Ae tlae ratio of tsw onaU.on I• 4-w ..... , ~e1 .._.,.•••• aad ti.a 
prs..., circn&lt coat~11Ntu • Sanwln& p&"OpOY tOD of CIMt 1'*' cunat 
• CCNlpa..-1 to the tf. tr-..lomed witbla ti.. wladtq,e. 
a.. •Jor dt..._.t ... of •i"I autoCt'Wfos•r• ... ct.ac a open 
clnutt to iM 40 n n • violltna will •J•t tlle lw wltaaa olnatc to die 
... pot•ttal • ta. laS.l\tl YOlta9t ot.rcvlt OI' "rica wna. ftte du.I· 
'Milt• .,_ ... mnt ._._.. • tlae l'att.o of ttlae tatp wJ.caat to the low 
volt• tnonu.1. A 2i1 retto of tl' ... fonatloa wU.tl1 la. DDt coa00 
•tclend ...... - t.llla l'•tlo ....... tM by all ............ 
nco •Hnffd tM UH of autotcMllOl'•I'• la O.tr •tdl.M. 
41 
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A. CIRCUIT FOR TYPICAL STEP-DOWN 
AUTOTRANSFORMER 
240V 
120 
120 
240V 
B. CIRCUIT FOR PROPOSED STEP- DOWN 
AUTOTRANSFORMER 
rtaun t. -le elnuita for atotrwformr• 
/'' 
Coat •ti.Mt• of autotr .. foNIC"• •• ebowo f.n r•i. ' ol Appudl• 
I. A alq1- alt .0/480-120/,...-.oh *&tot1'aatfon1r v• not ... 1191• 
from mallltl&oturen. ll..._r, ~ :f.a4tvtduat 240-120-wtt aatotr-.fONBI'• 
' Q()Uld be oOilllblaad tn·to • •lnal• vait,. M •hc:Ma io ....... I of. Ff.pre t. 
r.· tilt• •twd7 till• unit ._ ~ to be ideuttcal in co•t to pr-.n~ 
M0-1......,1t a:utcU'a.lo~r• of -..ai tv• r•ttrlp. 
ti. coeta of tw•coll craufo._.-. •• ft*' ta !lli>le 6 of .Apptndta 
a. U.tna 4-t• fftffl Talt1M 5 and 6,, eoec• of •eocr .. to.,...a ..S ~cotl 
tnuf...,.a wn plocted t.tl f'&pn 10 fol' C01111f41Qttw ~ oaly. 
percent wlt .. '"°' u a comlucto.- ,,..1.. ,.,... .. ,, • ti. ..-. of tt. 
volt.• 1ewl, tlMt volu drop pn ..,.. ... foot oe load •• 4IO \tOlt• •1 lM 
four t'-1 tba wlue ·of •lt• cil'Ql> ,._. .....-r••foot, at 240 wlh. rw • 
"""•I• ~tot" r-.tffCl at 2'0 '901.C•. • c..,..able •tu l'ecp&·tffCI 
at 480 ¥Olttt .., l>a ••tatat-4 on tia. '*''• ·oe volt• dnp ,_ ...,. .... foot, 
aad tM cnt of COllP9T•l• •u• •• be ._.. a. eoiit of at..i ... 
aena1 caltte ""''.- •t .ao wlt• t• Aoiwn ln Fl•r• U • • ,..,..t t."f 
th.- CHC of Ml'lal cable 1'e41Uiftid .i: aQ W1t•• 
To lUHtr•te t:he •tltod _., ffJ1' ulcal•ttna c.,.rattw ••t• of 
al.S.nut1 ...,,.1 cable •t 240 M4 4IG volt• •• ,,_. • •l• lfo,. 1/0 ..,,.1 
.t>l• u ncaulr4MI tor• 0 .. 80 ,._... fMtor 1o.S opauU.aa •c MO ¥Olt•. 
l•f•ntoa to rtau.n 6, CM nlu• of •h• drop ,_ 10.000 ......... 1 .. t of 
1Mll tor • lo.. tlO c•t• u J.40. At 480 volt•, tbe wlu 4wop pill' 10,000 
_,.... .... f•t oi t..a ta fou• ,._. tlMt ._,_of ·'·"°• wtclt. u U.6. ta.. 
...-fAl cele aU. oornepoadt.aa to tbu .. i.. ta a tro. 6. 

en 
er 
<( 
600 
500 
400 
j 300 
0 
0 
200 
100 
5 
45 
CONVENTIONAL TWO-
COIL 240/480-
120/240 VOLT 
TRANSFORMER 
240/480-120/240 VOLT 
AUTOTRANSFORMER 
10 15 20 25 30 35 40 45 50 
TRANSFORMER RATING, KVA 
ftpn ll. &Mlt ot alusat .. M'li'lc1 cuabl• foe' .,..-.ttota •• 4IO •lt• 
• a pereut ONt ol •1-.t._. .,. ... , ubL• at M volt•. 
8 •U. Mo .. I h ... __. co IJe tlail •tat.a. •lM daet 
nu. we -"•teal ·~n111c1a ....,, .. ..._. 
100 
(f) 
..... 
__J 
0 
> 
0 
~ 90 
..... 
~ 
0 
w 
a::: 
:::> 80 
0 
w 
a::: 
w 
__J 
Q) 70 ~ 
0 
__J 
~ 
a::: 
w 
~ 60 
~ 
:::> 
z 
~ 
:::> 
__J 50 
~ 
1.1.. 
0 
..... 
(f) 
0 
0 40 
w 
J: 
..... 
1.1.. 
0 
..... 30 
z 
w 
0 
a::: 
w 
a.. 
47 
LOAD 
POWER 
FACTOR 
20.__~_._~~....._~_._~.__...___.___..~....._~_,_~~~~~~ 
8 6 4 2 I 1/0 2/0 3/04/0 300 500 
SIZE ALUMINUM AERIAL CABLE REQUIRED AT 240 VOLTS, AWG OR MCM 
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SIZE ALUMINUM AERIAL CABLE REQUIRED AT 120/240 
VOL TS, AWG OR MGM 
900 4 4/0 
800 
I- 700 w 
w 
LL 
.. 
Q 
<t 600 
0 
_J 
0 
I-
w 500 
u 
z 
<t 
I-
Cf) 400 
Q 
>-
<t 
3: 
I 300 w 
z 
0 
200 
100 
0 
riau• i2. 
300 
5.0 
---
2 .0 
- - 1.0 -- ---
PERCENT 
VOLTAGE 
DROP 
5 10 15 20 25 30 35 
AUTOTRANSFORMER RATING, KVA 
Dl•tac• for vutou. perceat,; voltqe •1:• at wld.ot. U. ~lffer• 
no• la. coat of aluai.,.. •l'hl cule r•tred at 120/MO .alt• 
and. 240/480 volt• ia ..,., to ca. coat of an *''otl'_.fonn 
wttla tba .._ n. racf.01 M t... lHll. ..... on • 1o41d ,_.r 
fMtow ol O.IO . 
52 
:fot • rhp in <t1::nxtvcto¥ voltage clrop of 1.0 to s.o v••cut. ft• .-c•at 
wltap dt"op of th• two a,.-t.- vd ua~ to be ecaud, and &utotr._. 
lOrMJ' voltap c.lrop ,,_. u11Mted. Aotva.111. a r-educttoft ta 'IOlt• dro, 
would OC.¢U:t' in tile ••rvtc.• pol'ttOIW of tu lliP,.r volt*I• 1,.t• vhlc1l 
vr111ld tend t::• covut.erlta11DC41 tile 1Vtotr&•fomw drop. 
n. cut'M11 of rtpr• 12 •w• coA1-tru.cuct. fr• the tabular wl'llM of 
cond•to.- HYll\81 •hon ta tel• t under a toad ,..,.r f.actor •f o.eo _, 
fcoa tile CO#t o.f varlov• •totr.,&r.- •kel ~in !al• S of 
Afpftdt• •• To t.Uuatnt• llow t1ttt• COit v•tue• ......... JO . Obt-1• 
,,,...,. l! .... ,.. dial • ... )/0 cal• u t•tvued to ...... . lN'I •t 
240 volt•. Tel• l ..__ that. tM co$lucto~ ..,., ... at 480 volu wuld 
H $3$1.50 ,.,. 1,.000 fMt. et at>adv•tcnr. th dlltuc• T••ult'M for thl• 
••tnp to •tt~1 th• QI. 60 co•t of • J kva *»l'OtrfJMfor..r I.• a,proxl .. 
Mtely f40 tut. Th• tat•r•ecU.oa. of u ... f"Otr th ... value• on tb• 
awof.••• ad oi'dl~• e•t•ll•tut• oae point oa dw )/0 eoaducto~ eu..,,. 
:ta rtp..-e 12. Otller pel•t• for the ourvet. auvlq comootor •l•• 
l'etUlr-1 at 240 volt• nr• ol>tatnect itl • ttlltlat ...... TbeH ..,.. • 
.. iabU.•h euot dotaoc• fo_. whlcll ecui4uct.or •nup ••· et••i to tb• 
co•t o.f vart.Cltd &utotr .. forMr lilM. 
The wha.- dl-op cunu nt• plott• by u-f.•1 amt enw tolvtlon of 
stvaUoa 10. wiih t1M •tin 1Md . ...._.co a Hi'Yed throuab n auto• 
(10) 
• volt 
• 1 • 
To tll: •tr • 
• ' ... 1. f • 
• 
53 
tn 
•• 
load l t 
wh1 
drop 
• 
11 .. c 
• 4/0 cabl at 240 
• ef 1\' tna o 
le I.a l. 1 wlt• np Pft 10,000 
(U) 
DA• 30IO/L (12) 
• 
or a /0 COllllllUAltOif' 1• 1 f.. • 'llaa t •~-.Ct1 of li._.. 
Al • be l · · M 
ouane101":.r, he cunu _, M _.... . lJ • ..t f clae lMd 
Mke lu die flpu U to onlJ cla .... 
ltt ly ... '*'" '1 hit racto of to l 1 to 1 
1 • 
l•·~-1--• tpre 12 ... •ltlplf.H ~ a fMtor of 
41- . • f 1• Ht to be 
S4 
...-1 to ct ired 10 kv• totr f~. 
t'- per volt• 4rop ounee ... 
t • 12 ca a llxat t • lt.aitat 
~Sollll •U. oa.luo or l\fttleG e ~ ~hate.1 •treftatll. Cottd COi' ......... 
ae -11 f: r the -11 r t wbtc fttlUire t •UM the 
for eonouctor •aviaa to 
t -.at tr._loftlelt• •t dlte- l • 
t 1-..n 12 ebow t:luat .._ for 1-.. .,...., ..a for 
lt., ~ f fro. 2. o 3.0 rout, dtataffa 
rlMIUlHll fol' tOT Hri•P to ._1 M coet 
of 4IU ti' vtt.a. cb«t .... Ir.Va at I • tba loed. Thtae 
.ttt-.e• _.. ndu if • ponf.• of the lCMld ea tMt •rw.i cu.u w 
..--, •t the ......_U t• no ta dinct P'fOPOl"tioa to tbtt 
rati f otal lOlld to •tot.._.,._ .. load. tile 4l•taQC:e ~ ... lred to 
.J•tify the ...,,,... ... wltqa .,.t .. , fe>l" •-.1•, ti reduftlll to eppl'OU.ie-
11 60 t. lf tlMI toed •rvM th~afl tbe • tr-.fot'mr ta ......... 
to 2S pn t. lf 10 ,.:c•t o tM toed .U •rwif tlaroup tbe •totna9-
fOl'ml' • t:be dl• ce ta o 11PPDxiMt•l7 40 ,_.eat of tlle full 
load cttatmao. 
The ~ of f.1&&n U WT* COUtTUOted •lna tbe NM •tllocla .. 
4-oTlbed IOI' '' 12. ,_,.. 1.u _. dt•t__. •• .._. tor wt• ca. 
f.ffft'tlw ta eotat of aluallWll ...-tat eale at UO/MO _. M0/480 wlta 
i• ...-1 to ~ eoat: o blO aut u-... for•n• MOia bwlq • lt¥a l'adaa 
...-t tbat of t.H lMd. ftMe cu1"11U _. •Hable to die •ttuattoa 
t *iela mto renafonn U NqlltnMI to •tep up tJli9 pnMat ...,11 
1100 
1000 
~ 
w 
w 900 
~ 
~ 
Cl 
<{ 
0 800 _J 
0 
~ 
w 
u 700 z 
<{ 
~ 
en -
Cl 600 
>-
<{ 
~ 
I 
w 500 z 
0 
400 
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SIZE ALUMINUM AERIAL CABLE REQUIRED AT 120/240 
VOL TS, AWG OR MCM. 
-
--
-- 1.0 - -PERCENT VOLTAGE 
DROP 
35 
AUTOTRANSFORMER RATING, KVA 
aut .... for .ertoua pneeat wlt• 4ro,ta at .eat.eta die differ• 
we 1a "9t of al1111tm• .. s.at •t• R419f.ntl at 120/MO wlt• 
Md MO/UO wlte ta .... 1 to die eoet of •totr-.fow•r• 
... 1i tuiftna tbe ... a. ratwa aa tbe i..t. ..... oa a 1 ... 
fMtor of 0.80 
te to •tep ie 1~ .,_ to 120/240 volu. ie c,,. of 
U.trf.w t ia ..,...ced by ••C..t lrf.q llantlboa (15) for 
co 
.. ot 
.tnt..a d1-tae• r-
DOllS.e:a1 1 appco 
1acrMMCl abow• l.O 
•• 
1 • ltqt ......... 
incl foY- dMt iafMtt wltqe .,.t• t k I'• 
..-~4-t lc.p drop l• 
lnrl at MO volt• 
c..,_. ... ll•r t SOO · , diat&GCS .. r ulred to .U ta. two •J9'-
eq 1 i · coat "4Dm could.er•ty .,...t•~ tlam 400 1 .. t. 
rtp~• 14 WM c.onetruct..t for ue ._ the prohl• ta •l to UM 
ni• wtrt.a at -.oJ •lU to IMlr c~tor• f coratiauff 
dUtt'1 ti.on • 1%0/ lt1. tf ta. 120/240'101t .,.tea t. ntetaed • 
.. 1-.. .. 1.... .... ~ .. 
•toer.,fo~r. 
TM ct.al'Wlt f rt.,.r• l4 ae 41fterut fr r1_..n 11 lo th.at ... t.qa 
t c vet cot 240/480 .olttt •• ..-1 to the total coe~ of ..., 
Md.al ca u oood to •· lwn wtt tll1- ....S•• po9atl>ht 
eavlap c uctor coet, ta. cnanu ..... for die.,_,. of eOllldMtcw 
tiue, loede, a wlt.qe d.-op• i04Scat .. , tbat • dutance of ~ wt• 
~•lJ 32' lN i• tbe at.. .... ,.d.rd i t.l1a ht .... ¥01t• a,.t• to 
re ec~al. fO&" _,. 1t¥M t wltqa 4rop CNnll, ""' 
ltttl• ..... bl clietwa oecur• vf.tk ..... tu load. • ....,1., 
tM dt.a a • 2. 0 p.-rcaat volt dr p r•lll4\• fro• 325 to $ fe• 
f r • I'... e 2 kva to 35 kva. for • load ..... 11 - ' kva 
900 
800 
.._ 700 
w 
w 
LL 
~ 
Cl 
<{ 600 
0 
_J 
0 .._ 
w 500 
(.) 
z 
<{ .._ 
(/) 400 
Cl 
>-
<{ 
3: 
I 300 w 
z 
0 
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SIZE ALUMINUM AERIAL CABLE REQUIRED AT 120/240 
VOL TS, AWG OR MGM 
---
PERCENT 
VOLTAGE 
DROP 
3/0 
4/0 
---
0 5 10 15 20 25 30 35 
AUTOTRANSFORMER RATING, KVA 
rtaun 14. t•tmee for wrtoua ,....t vol~ •nte at tell tlle ONt of 
ah .. •• Wlal cele "911nd at UIO/MO wlh ta .... 1 to tM 
ooet of ea •totr-fonn' tdtb die ._. kw r•l• • tM loM • 
...... on • toed ,_.. f•tor of o.eo 
'' 
•ml a 1.0 percent voltap drop • dl•tance of 280 f••t 1• aec••••r to 
ju1ttf1 the co•t Qf tbe hipar voltage •1•t•. 
1ft•t1 
Kvtdeoce t• l9Ckina to publlalaed report• to adlOl!r 9bock -"' fire 
buard• incr ...... '90lt••• are. itaereu .. fr• 120 to MO volte-to• 
lf'ound. Tbt• lack of evtclne• · u refl.cUMI tA tlM Yaried. opi iou 
apreaMd by •tli•r• who repr•nat utilitt•, •ouf-.:turera, r ... archera. 
aid, Mf•t1 orpnia•tlone (24). ft••• voup•• hclwher, •aer•UJ •ar•• 
that •ny tnor .... lo hued• •Uh aa iacr.... ta ..olta• cu N •ll•laate4 
b7 propel:' •••ilJI. 
Alti.o.tp hlaJae'r tlaac 120 vo·lt•·to-around are aM4 ln eay fonlp 
cou trte•. ay comparf.acm at t:Jae pT .... t tt.M of the aafety of tl!aeM 
1,at .. •1~ tbe pr .. e11t fan •,at• of 120 Y01U-to•arowtd would ciontata 
•rJ ltttl•. U MJ, 1clentlfic info.rmatioa. lwa tf llaock t.Dfonation 
and data oa ff.r• of elatrtoal oriat.o wr• .... 11•1• f...- otb.n' couG• 
tri••• ct...-rtMU. woulcl be iacOGCl•l'M he• .. of tile 4lffereac .. la 
re.,latlona aa4 co ... tnu:tloa p~tlc••· 
U.. of 240/480-volt tf iltrihutioo oo f_... would ao doubt '"'*ire 
• .,.. ctaaa .. • in the .. tioaal llectrical Code, atate code• and 10C4ll 
re.,tatlone. lw •tlwda of tcluttfytn1 the laiper voltap oinult• 
would probably be r••virecl. ltrlct •saforc .. at of arovadtq npt.tlou 
woulcl 1"t wry lllportant becaaa• proper aroundtna la tu .,.t illllflOl'tut 
part of tafety to .-e0Dda17 dl•trl~tton (4). 
~Fl&!, W fn.!1!11191. ofi, !Ml .. 
~ • •t•pot.nt of ¥Olup npl•tS.on, tile .potential tor load 
~ l• , • .,..... e uttl•r•t>'lJ tllroup tu .,. of 240/480 volt 41.•tct~ 
ct.on. For •1 8'9ell 1Nd -4 eomlu:ct• 0. rat:lo oi the e-n.•t volt• 
dl'Op of • 120/240-volt •,.tn to tn 240/410-wlc a,.t• b ti•. la 
ot• voNIJ, th potentfAl for lo.a powtti tn.cbotlt ••ttedtaa .-, atwn 
c~tor voltaaia •~ lt.iteU.oa u her..., l>J a f•tor of fou• 4• tbe 
biP.voltaae•t•· 
rn..,_ oa -.. t.- ti. _. ot autotr-foNUa wulct pl•• .._ 
'U.1dt.ttioM .a l°*1 powtll ln ~ 1-a- •t• tt" .. fONll'• MJ t. ..... 
.. load powth ....... la ....... 1 •• ...,."· -~ ........... •bo\114 
leM to _... •ld..,ftai 4t!ftet uttltn.ttoa of tt.• .,...._ .. wlt• t.wl. 
lt u u. ... af.a1 vutetr of ttwJ.ct• _.... •• naUa1• to opmlte 
cH:reetly •t thtt tat.pr vo1tap lw.1. ,.,_. 1_,. VOQld '- ..,...c e.hnu• 
• ••tr-.forl!ru'. 
of tlM ... t ad toru.a.01• future d.,._.. upon tb4t followlaa f~tora; 
1. t toaa .., ctutanc ... 
2. All le lU,. , 
• fortton of t 10.S Whlcll le ••tired tbroup en aacotr... 01'911'. 
for tile; coat o · ttae coaductor• • •totraMform..- of a 240/480•'¥01.t 
,, 'l'tbut 
•t ,,..,. 
amount u tba 
•Jtt• tCO> equal t c etor co.t f a 120/MO-¥Olt .,.t•, 
•t volt•p d'fOP, dtateno•• l'*IUtred ..., 'by oal7 • -u 
1 ucl• f ·the 10.S. claaqle. la. cll•tmce f lo.ta of S 
i.q.r u reduced b7 1 ... CbM 10 ,...c• t for ucll 100 percent 
tac.-.. t tom. 
lotb tbe pnc-.e lta .. drop uMd t.a 4Mlptoa • .,.t• aoil cu 
portl f ta.. load wbtc _. k ....a CU'oup ao autotruafoner uw 
• P•t•r effect loed tta. di.# uce ....,.._.. •• Pi r a alw 
of .50 perc.at ta percut wltap bop ...._. tbe 
let • "'8lnd o J•tlf7 the l .. r wltata •'8t• bJ .,,rowf.Mtaly 
JO per • • Aet•lly. ~. perc• volt ... 4np ...at H couu.nct • 
aiuor f'9Ctor i nduclna dt•t • l'eflUf.nd to Jwtt1f:r dae •tlber dutrtbv-
100. ltap •t• bec••M of be Q&tt• i--.. f val.e UMaaUJ •eel bJ 
•lanen. Dutp. valuea •• rall7 1 or 2 percent• wttb the latt r 
al ...... _.t 1....-c17. 
fte fel'C• 0 tM total l09d wlltch ... t be MnM tllrCN8' eo •-to-
traufONal' u tile t l rcant •lllal• factor to cona14n to deteratol 1 
11betlaer a 240/480-•lt 11td. ton .,..._ t. .r• eooaoatcal t.l&M a 
120/240- lt .,..~ lf •totr ... fONn'• -. eot ............ tlM 
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ld ... r 'IOlt• ll1tt• .,.14 '- D>ft cuaoato•l fn _, 1odlq -.dtttoa 
r4P(tdl'lq a ~t• am lspr tlaaa • •· 8 AW ai MO •1• • ..,.. 
w.tth ~tl wlUf!a 1 ... 1 .,.._ flflftl lo. 4 oooduotOd. tbi bipu lnel 
would f*'O\'lt,fa t.ett•r ,._.,....._. tbrwa' btltc• ¥Olta• npla11on.. wttll 
•11 tbtt .load . .. .....- tiJnH;l&1l •totrau!OTMn, •t••-• .-- ,.n.ou17 
ia tblt nport -1• k ftt19:'"4. 
!lM ,.,. .... ....._ la OM. W.lWtna ta wbkb ·tile nct.n lo.S piobelf 
WOQld be . .. .,,.. clanap • .aotr .. f•••r. '1MI· c_,.lltt•lJ klf,ll eott 
to. dMa ....,._, c....- t.a Mntc• ..-1.-nt .- appU.anc•• dutpiilMI to 
lM •iwd •t 110 'fOlt .. to•poo• _,14 .-. tbe alterut•· cllot.n of a 
at.ot.._.c.,... llOI'• •tcractt.w *"* ti..P, cu •tot.r-fo_. •D• .., 
..... h• ''to'' awa. lw8 for.., l'MU..C•• die tl'Mt.ioablltty of 
iaacaJ.u.-. M/480-wlt Mnic:t• S• CIM•tlooQle, lMlemM of dlla aa-.U.• 
ablltt.1 of ..,_,_., an4 dftf..ce• , .. .._.. to ote'l'•te &t MO wlta•to-o 
..--. 
fte •l.eatrlc•1 ~ of ot!Mw farm •t.ruotul'M _, wrf wU.11 • .,.. • 
..,., •tall• f ........ -.nt.rp#l..... ...., load• tlMl\ .... •••c.i at 240 
wit• on ..- ,_.. _.. opulllted •t la> volt:t oa otMn. tht -.1,..at 
Qe4 a4 Pl'..,tiCd foll__, oo. •rl_. f_. dUfer to •eb a anat ext•n• 
tM MCh tadivielutal faftl ... 'U atn.tu•• .-i be aal,..S u a 
,.-ttcul&Y er .... 
fter• • coae1•te1J uw •1•otl'i~d iutallatloa t• .. ,na pl.....S, 
pr•t:icaU.J ta. •attN t .. ·load ocludiq at. i'••ld-.e could M •rwcl 
4lnctly vlth t1Ut btp•r 4t•tl't.1Mltlo• volt.... Oal7 -11 atotnaa• 
formeN WOt.il4 t. r•lnd to ....,. U.ptllll •*' .. 11 .,,u ..... U 
preMftt aod• wn ••fuced. If a ,_..td:ano. ••• aot t1W01ve4 ed tl\e 
hlP. volt• •I'• hpPlled &J cbe ,_,.. -.,u.er• at_, dtl'a ca•t, tbe 
140/480 dutrlklttoo volt• WDUld p..t.4• • ..,. MOUMtcal •t• '°" 
pi+t1etS.oaU1 all loadlq conUtto,... 
"'- ,...,._. of • ftll'44aM4t vtcb • C011P1-••l1 '*' •leetrS.o•l tmtel• 
Utioo ""8l..- th.at tlMJ dbtrlbutioa .,._. 4S..t'anc .. k p•t ...... co 
• .-1. tile ..... , ...... of the tM:t4enM aatotcr--1.-.. wttb th UVlQll. 
rn .....,1.. ct. oo•t of • 10 kva •«•tr•ufoner wuld ft4Ul•• • 
dl•Qne• of .,,_a•t.•17 92' te.t to J•tU)' dMa -. ol tla biglaer 
•ltap if• Mo. I AW eel• i• 1MRMld •t Ml 901.&•, _.a dt1taan ,of 
appr01Wllit•l7 HO l•t le ft9d,r.I ti• Wet. 1/0 cele l•...., at 240 
wlt•· 
rn th •ltu&t:loa lo *'•• ta. ld .. r w1tasa leftl i• bet.q con• 
•lard. for tM •1• .....,. •• •f taam:wtna Wtttaae tepl•U.on f.o at•tiaa 
tutaU•ilou, mto~fcman vwl4 pn.,.lJ M nqg;tred to ..... all 
lo•.. • ••eptloo atatat IMt a 1"4 la an it'MiivUu•l blllldtua or 101ild 
center tMt MUW be ,,...,1, .,..._. •t tbe hilhft ..olt• witllcNt •Jor 
,_._... 1n tM • '1-triul wt:rt•· "°"1dtq •tot,..fo,.s:• for •11 
ftt11 load• wooJA not •• eon.oat.Ml qnttl tile .-1'ap dUtac• of 4l•tl'11N• 
twn otnuti• nraow appold.M.t:•1J J5') l•t. Tht• dfAttaM h 1 prolNablJ 
... thaa the ...... ........ *4· • loadl; Oft • ....... •jorit.J Of 
t..... Bveo wlth en ...... di..taec• of !50 l•t. tho rl•k ol Uptatna 
,4_... _. aDotnulo'9~ ~t lboDld be cot111deu4 hfon daol.din& 
•• ut.aa o.. b._.r •t..trlbuttoa 'VOlt.,. • 
.._. • •Jot load l• "-lAI .Wed t• • •al•t.iq •:rtt•, operaUoa 
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of Che ... load •t M0/480 W'1•.., .. ACOGCMlllcal. ·a. ....... •h• 
could be obtalaed throvp • au•ottrantJf~ at the •t•r pole w tl\e 
.,_.,, •wtt• _, P1'ovide a MO/~lt •"1•• l'u the, tmttn fam. 
for the •t• pol• tnattal.1-tt.oo, tbe dla~ lawlWd,, ,. Juttf~ dw 
coat of tJle •totl'-.fonn • _., h tfl ·.ttw ••P oi 400 to 600 fftt, 
depn.tlint ..,. die up'tuda of dM. 1Mcl. lf ·the _, lHll b ~i· 
mtaly ...-1 to • PNb1f dlan • H.Mf.nd• of tbe , .. load•• • Ml 
4ll'l••lt •nf.M •hwlt '* coutdnd •wu dtoulb th• oW.r toad• .._ 
to be •l'\fetli t1woup •tot1CU1f011Mn. 
ror .f.ad1•14U411 lud• •• aua1 '8 •rwcl •t 121/MO volte., the .. 
of • tftltotftMfOl'•J' •t ~he •tu pole *'4 .-t!Wr at t.be load .., 1»e 
~-•llJ Ju,tfted ii: ......... oe •t lwt 600 - IOO fMC: .... 
J.&wol-4. "* di•ted wrl•• 111tll a. -.itwte of tile load. Po•t.~1• 
4Qtorr .. f~ ~t or lJ.Ftnl• , .... to 'tbe cr.-fo~ •hould he 
glwn ..,. 00Qa1deratt• IMfOM "l•tlna dlh •t• .,,. at thtl 
dt.tfaDC .. at•tM. 
14 
cmrcumu. 
1. A ucrlbvtloo voltap Qf 140/480 w ·iu V\'Rlld M fusti.l• u4 
practU•1 fo;r • ltAitd ~r of lanl. ti. •in f•ton tavo1wd lu 
CU •elMtf.OD of 4 240/480-Wlt •J8tM _. • 1:11/J<il..._lt .,.t_ Re tM 
4iatnce be~ die 4S..·:rihtion uoMr a.t die load M4 'th ptC'OUt of 
tlul total 1Nl4 wMca. U ••.-..d tbnuak aa •tott'-.formr. 
2. Wtdt M/480...,lt clt.•trf.trutloo, t•-fo....n would i.. nt4V1nd 
to Mrw tlevlc• wbicla •• 4•lpad to oper•t• •t pre•u ud.Uutioq 
volcap 1 ... i.. Autot•••fo&"MR-. ••t ecc,moaaical to•• for this 
P"l°POM• 
l. To coutcler 240/410-wlt d.t•Cl'ibuttn u. • • .,. of blpl'OYtq 
voltap l'qvlatloa oo ntMtial .,. .... tM _.r ... 4Ucuoa to lHcl• 
.ut k at l .. t 3SO !•t if aatocl'-.fON!lH an 1'411lllil'M to .-rw all 
~-
4. POI' coaipletel1 ...... •l•tl'ie•l 1.unllA,lOM, Pl'Mtio•111 
a. entiw• lMll. uctwttna the l'•ld•n.ce. ~1 k Mrwd dlnetl.7 at 
140/480 volte. tf a 11'M1d•DOe *td oti.r .fua ttwatur•t W'bt.ch 4Mftoi k 
~--S.call7 wind for hlf,her ivo11:.,.. •• ,......nt, df.ttJl'tktlOJl ctt:cul$a 
clUt4fMMI ••* be put OCNgh to enable • ~ of the "4•lred 
aat.otrM8,.,..n vldl -. ••top. 
s. enlq totdtvldu.al loall- •t 2'0/480 volt• t.._alt tlW .... of• 
autotranttoNer at tlae •tel' pol• would ~ eeoaotdaal 1t cll•taac• 
of 400 to 600 feei wttb a l. 0 ,_..eat vol tap drop. 
6. for £d,viclu1 lo• •tcb .-t M M.....S at U.0/160 volt•• tile 
ae of a ncotr.uto..-r at Che •tel' pole AD.Cl aothft at the 1ulf ill 
6J 
econoa,au., Jutt1fto4 •t di#bm!•• of 600 to 100 fMt wltll • l.O pere•t 
1t• drop. 
1. o.4uct.or ~.-.t:_. and lottd twe¥" :filett.>I' •ltould be conaldet'td 
atons wtth ••Utae• for ft«>. 8 MlG _. l•&ft' ccmduetor• l• .. tctins 
•'- oa <;he natl I \'Oltap 4-rop. 
8 .. Alvmtmam avia1 oete coat Q 10ftr tha the e•t of,,. .. 
~c~ on ta hee:ll of eflt.t•1 uJ.ga. of volt• d1:'op per _,.r.,..f®t ot 
load. 
" 
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l. T~1•1 lutallatlOM f M0/'80•volt dl•tr1'11t1oll oa fan1 ebould 
tte .-. ..S taf_.tf.Oll .. tllent'l on the •ono.tc•, Mf•t7, aacl 
,....w=ttcaa.tlt.cy ot -.cit .,.tMt. 
i. An ... tuattoo. elaould be _. of tile Nf•t1 et the bleM-i- .olt• 
.,.u. t fontaa c«Kr td ... • c...,... to tlMt 120/2'0-volt .,.._ f 
1\*t ltattllt. 
3. Ao ...,_tilatloo abouW be _,. of dMt prol>l- .._lated vtdl 
opua • et MO wl"•to-p-ound. 
4. OftrlMaa aM•~ opuattq -..ratQl'U .a.ou1d lM 4et.ftll1.Md 
co fl'OVI• taf~ioo f .. t.ctlq coOltucco •U.. oo c. Miu o 
wlup • 
s. Load power !•ton °" r ... ehoul " •tend.'*1 to prowl • 
WonatloG or tb• Mip of fare wld. a79u.. 
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1. Altaan, J... I. and aaartt1. l.. r. DeMDd probl_. uaoctat" vltll 
f&1:11 mptor app11cattoaa. laatitut• of llectrl~l and 
ll•otroato lnatftffr• t.,.r lo. 63·'°14. 1963. 
2. A.nderaon, A. s. WbJ 240/416-Y ••nice le M•t.. llectd.cal World 
151, lo. 20:16·17. 1959. 
l. laakua, I. M. Anal7ala of ucoodny wlta .. a for tM fan. 
Allaricaa laatttut• of llectrloal lftalneera Paper JIG. 57·1170. 
19S7. 
4. leqan, Donald. l'Dduat.rlal power •Jtt- UadNok. llw Tork, J. t. 
NcOr••ltll look Co., llie. 195'. 
S. lrown, a. I. rara electrifleaU.on. llW York. I. y, McGr••8Ul 
loot eo •• lac. 1956. 
6. hdako, l. A. lx:perl•o.c• lo tla• uff of ~o•tne4 tlaree·plaaa•/•laal•· 
pbue apt.- ia rural •l•ctric power oetvorta ud dlelr 
techntul and ecoao.t.c ad••t••• owr tta• tbr .. ·plau• •JSt ... 
(United latiou DocUMat) l/Z(Jl;/2601 &/lta/IP/178. •ol. J. 
pp. lS-28. Oriatnal not available; Tllemofaa copJ obtai-4 
froe U. I. Depart.eat of Aarlculture, lural llectJ'iflcation 
Adalalatratton, Wuhiqton, D. c. 
1. CMpbell, II. C., lader, a. C., Gaapl, M. w. and Talle7, V. C. 
lcODOld.c aul1•l• of cli•tributloa •JSt-. jan-1caa laatitute 
of llectrlcal lqlOMrl Paper Bo. 60-1.48. 1960. 
8. and linnott, B. I. looDOllic anal79il of r••1d•t1•l 
aecond•l'7 dlatr1~utioa e7at.... Allltrlcaa taatitute of 
llectrlcal lq111Mra taper llo. 57·169. 19S7. 
9. Croft, T•rl'ell. Allartcan electl'iciaa lladhook. 8th adtUon. ..., 
York, I. !. McCr--HUl took Co., lftC. 1961. 
10. Devi•, ,a. J>. Ad••u•t• far• wtrtna eyat-. Cor•ll O'aiveratt1 
btenaion. lull•tb1 849. 1956. 
U. larp. v. r. l»ral electrlfteat1cm •nai••rlna. ._ Tork, v. Y. 
McGrw-llill look Co., lnc. 1950. 
• 
12. l , t.. I. hperiuce I. tbe uee of varl~ •tailarcl• for tta. 
ct.at f IVr'al •l.ctric '°"" networu vltla tbe object of 
Mlecthl tbe .._tan prom..tna tbe aru •t t1eonoatc _. 
t teal efflctnc7. {Vldted tie>a* ) B/&Cl/260: 
l/ICl/U/178. ol. '· pp. 1-&. f.aioal not av.it.bl•; 
'ftleraofa copy obta1.Md f'l"t'J9 u. • .,_tMtlt ~f.c.iltun, 
al ll•t~ificat loo Adidrd.•tw:att , Ubtnatoa, D. c. 
13. , • I. and Lwrac•• a. r. atcleo.U.al dtetd.butloa•-ao 
.. 1,au of •111t.- to .. _... •.,...hat lCMld•. AMrf.can 
tnatltute of lactl'tcal Mera Tr ... tlou ''· art la 
533·'42. 19.56. 
14. 1U.• too, t. I. • tttut, · • I. atHl kotna, o. •· 11.ectrtcitJ ta 
aarlcultut-•l •n&tCIMl'inl· ... Yor I •• y. Jo&an ws.1., 
.... 1 • 
15. l 
16. 
tq eo-1 t on I.ft eriol' irlaa.. r ... tdd w1rt handbook. 
2Dd - tton. ... ' n, M. T. tbor. 19.SS. 
1ton. A. I. 
e4J.ttoa. 
th 
eo •• tac. l ,7. 
17. t.-reuu. a. r. '2401 vol 879t• f r r••tdeatta1 utllf.&attoa lt•. AMrica Iutt.~ te of 1AMtr1cal inMr• P l' 
61•$01 • 1 1. 
• 
ia. toe i•, •· . _. n.m, a. a. 'the ,_,....., ""'• ate •J8t• 
fOT r .. tctential dtetrtbutt • Alllrteaa l ~taate of 11-ctrt.c.l 
BnaS-r• aper • J6•180. 19S6. 
19. oppoeea .._..r ut1UuU. vol~ for ruw.ac... tloaal 
Bleot.r1ul facturer• ANoeia •l• ter. May 1. 1 62: 
1-2. 2. 
20. ltae1 J. • llectrlcitJ COllM to tM f--. • • hpart9Rt of 
Aatlctt e Y 60t •7$. 1960. 
1. ti • oaoaf.c. ~Niota flW Uta ..t tile U' &Mt• 
at •lectrlficat • (On.tt.*1 tion9 tJ l/Cll.11/392. 
York. t of ol:aO&lic Aff•ll'• • Untte4 latlou. 
1954. 
22. • I. Depar~ ~ of tculture. t .. for th ..... ,._. hral 
Mttf.ce. aural llectrtHcad.ora ~•tt"attoa lu letl 112 .. a. 
l' 62. 
U. Wapr llectrie CoTporatto • hrfo..-ee l'WI • Id 14'49. 
8 • t.oute, f.8HUd.. Author. 55. 
24. W•hl>D, a. a. llpel' ra1U.ntial volt.,.. Mf•tJ oout.M1'•ClontJ. 
llectrlca.1 IDS'-~u.a 7t, lfo. 21 \SS• 157. ltff .. 
U. Ztm1rw, a. A. Md tok&J, I. I. lc~c c..-ilOD of MCOftdaf 
wb:ap•• •fJJ&le- 4'nd Uur .. -pb_ 4tetrf.butloa to~ •••ldatUl 
area•.. '-""'*' lutitut• of ll•td.ca1 11111:....-. Tl'.._cto.-, 
7J, ••rt 3,:54.2.,,'66. 1956. 
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ACIJOf!DGIMlftl 
'fte •tbor •"Pl" .. ••• lau ••t •lacer• apprectaUoo to Dr. IAoa P. 
Charity tor hi• uatatance -4 autdance lo oraaal•laa, co•ucttaa, aaid 
reportiag tlat• atudy. Tile ..tvlce, encouw:a .... t, aad coo,.ratf.on of 
Dr. Lan4J a. Altlllln of tlae Para llectrlf1cacton l•••ucb Branch, 
Apicultural laMarch .. rvica. wre 111val.able tlaroupout thl• •tudy. u4 
apecul tbenkll •• ute1Mfe4 to bla for nppl7iaa tile •tbor vttla back• 
ground mat•riala. 
The au .... ttou of Dr • .John '"-Pr•troa, Maoclfit• ha of tbe 
Coll•• of tnatneertaa. •r• ••lpful to U. •tllor. rarticular tta.ab 
an ext•ad..t to 'Dr. Clar••• V. loctmop • ._. of tlae Asricultural 
lnaiMft'iq Depa.re.at. ead tU DepaTtmllt l taelf 111 eatencUq to tile 
autbor the opport•nity to abldy at tbe Iowa State Unlveralty. 
ApprectatioQ l• alao est41Dded to th• followto1 electric ut111tJ 
c011panle• for tlaelr fin.laef.al euppcn"t of tbe 1tud71 
Interstate tow.r Campaa1 
·xowa llectrlc Lipt end Power ColilpMJ 
lowa-llUnol• Gu ud llectrie Collpny 
lowa tower -4 tialat Company 
Iowa Public Service eo..>•01 
I•• 8outllena Utt.Utt .. C.,u1 
too &lectric Collpany 
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